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Automated Language Analysis

1968 - 1969

Report on Research for the Period
March 1, 1968 - February 28, 1969

Sally Yeates Sedelow, Principal Investigator

ABSTRACT

This report describes research directed toward unequivocally
characterizing the language usage of any writer or speaker.
During the past year, a PREFIX program has increased the
root-grouping capability of the VIA package, which is a set
of programs designed for content, or thematic, analysis of a
written or spoken language unit. A ring-structure version

of VIA which provides great search flexibility as well as the
potential for extended explorations of semantic relationships,
as revealed by interconnecting rings, has been further
developed. Research on the nature of thesauri has continued
and Roget's International Thesaurus has been keypunched to
facilitate computer-aided research on its structure. A set
of programs designed to show co-occurrence patterns has been
implemented, as have procedures for producing non-=verbal
representations of language-usage patterns.,
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PREFACE

This project has received support from many sources
during the past year. The members of the Information Systems
Staff of the Office of Naval Research have been unfallingly
helpful whenever advice or administrative support was sought.
The University of North Carolina at Chapel Hill has also
provided administrative assistance. In addition, the Department
of Computer and Information Science has provided office space
and equilpment as well as secretarial support for the research
group and the Department of English has granted the principal
investigator a reduced teaching load, freeing time which is
partially allocated to this project. We also wish to extend
our thanks to all the individuals who have contributed, in one

way or another, to the furtherance of this research effort.






1 March 1969 5

TABLE OF CONTENTS

-Page
Preface €00 ® CF" ¢ € 0N SO O C A QY ON 0O & LN 06 AT S C OB O A C OS8O OO 3

I. Survey of the Computer-Aided Language Analysis e
Project March 1, 1968 - February 28, 1969 cceoeveees 7

A, Introductlon.:cessoocesnscceenenoncasascssnnnnes T

B, Work During the Past Year....occoececeonnscanaess 10

1, PREFIX.iecoceornonnnennsossacscosnnansesess 12

2. Principal Component Analysis: A Discussion. 26

3. Thesaurus Research...cescesconssnsnsnsensss 35

4, Ring-Structure Version of VIA,,..seevsveess 40

C. Plans for Further Research and Development.,..,. 49

II, Program Documentation. .occeeecernonnncsnssenssnass 5l
A, Ring-Structure VIA.,..:c.ccccenccnneernnosnsnnes DU

By PREFIX .4 cvecrenrernenaoneensonerecorcosnensnsasasss 82

C, CONTEXT,,s0%s sominoncanommechecoossssssasnsssosrse 92
III, Professional Activities of Project Personnel......,.ll6
IV, AppendicesS..ceacesnnensccnsssnsccrcoaconsanssessssssll3

A, VIA System Information Flow Through the
SUFFIX Programrr.rqtl'l""?IlQlFCQO!EDIlO.O'IOl.0123

B. Ring-Structure VIA Program ListingS..cesssesessl25
C. Ring=-Structure VIA Utility ProgramsS...cecossses 183

D, List-Structure VIA Thesaurus Program Listing
and Documentation, .cuioorscososssosssssescosnsss 199

E., MAPTEXT Listing and Sample Output..ceesvenssees23l
F. PREFIX Program and Table Listingeccoocoosossesss 245

G‘ CONTEXT Listingsncnnv-ouoceo&aueocnsnreonoe-||n275






1 March 1969 T

I. Survey of the Computer-Aided Language Analysis Project

March 1, 1968 - February 28, 1969

A. INTRODUCTION

The long-term goal of this research project is to build a
system of programs which will provide a comprehensive descrip-
tion of the language usage of an individual or a group of
individuals, as well as of larger social units such as a region,
or country. It has become increasingly clear that language
not only functions as a descriptor of some reality but that it,
itself, comprises a reality of major import. That is, individ-
uals and nations respond to the language of other individuals
and nations with verbal and non-verbal actions which evoke
other verbal and non-verbal actions. Prior to the availability
of the computer, research on individual, group, regional, and
national interaction tended to concentrate upon non-verbal
variables, in part because these are more easily defined and
described. Some efforts at non-computer-aided content analysis,
such as those undertaken by political scientists and by clinical
psychologists, have indicated the value of examining language
behavior, as well as indicating the potential labor entailed by
any effort to do so thoroughly. Attempts to use the computer

for such tasks have shown, of course, that describing language
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so that it can be dealt with by the computer is an enormous
undertaking because human understanding of language usage is
not very precise. To document the scale of the task, many
research efforts and results could be cited. One statistic
from a recent computer run for our own project is probably
sufficiently impressive: to show the interconnections, using
interlocking rings, between words in the first chapter of the

Praeger¥* translation of Soviet Military Strategy which have

some semantic relationship with the word agression, 600 pages
of essentially non-redundant computer output were produced;
more output would have resulted had not a limit of 600 pages
been imposed. Results such as this suggest why language is
so little understood. As the Pierce Committee report has
urged, basic and comprehensive research on language is vital
so that this central component of human life may be intelli-
gently analyzed,

Not only is word cholce important, but so are other
parameters pertaining to the relative positioning of words.
Certain categories, such as syntactic categories, have
traditionally been used to describe some aspects of positioning;

other categories relating to sound, meaning, or even the

¥V,D. Sokolovsky, Soviet Military Strategy, trans. Translation
Services Branch, Foreign Technology Division, Wright-Patterson
AFB, Frederick A Praeger, Inc, 1963,
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physical appearance of graphemes have been less well explored
for their possible utility in describing language usage styles.
Differing styles (we define style to include word choice as
well as other parameters) can lead not only to sometimes
disastrous misunderstandings, but can also serve as clues to
shifts from one writer or speaker to another, or from one
attitude or point of view to another by a single writer or
speaker. The perception of such shifts can be a significant
clue to an alteration in attitude or emphasis which may
indicate to the perceiver of the shift a desired mode of
response,

While the goal of this project i1s to develop as compre-
hensive a description of any given style as possible, it has
been our aim to design modular programs which are in themselves
useful for language analysis. Thus, the VIA package can be
used separately from MAPTEXT, and within VIA subprograms can
be used to produce indices, to group words together by root,
and to perform word=keyed searches, as well as, when taken
together, to perform content analysis on a specific subsection
or sections of text, using groups formed by words having a
common root., MAPTEXT can be used in order to represent any
linguistic element or elements specified by the researcher or
it can be used to map the output words produced by VIA., As we
specify and program given tasks, we try to define interfaces
among the tasks so that, when possible, decision-making
procedures can be built into the system enabling it to respond

dynamically as the characteristics of a given text begin to
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emerge., This "self-adaptive" capability is a goal, not a
fully accomplished reality; but it does serve as a guide for

the project as a whole,

B. WORK DURING THE PAST YEAR - SEDELOW RESEARCH REPORT

During the past year, our efforts have been concentrated
upon research related to the VIA package and research related
to mapping verbal text onto other representations, including
statistical representations, In order to increase the capacity
of the procedure in the VIA package that makes a first pass at
semantic grouping by pulling together words with a common root,
a program which deals with prefixes has been written so as to
complement the suffix procedure already programmed. The ring-
structure version of the text-specific thesaurus building
procedure in VIA, which was in a preliminary state at the time
of last year's research report, has been considerably developed
and run on some large data bases. A start toward providing
interactive capabilities for this procedure has been made., The
effort to eliminate the manual search now necessary between
the root-=grouping procedure and the text-specific thesaurus
building procedure has resulted in signing a contract with the
Thomas Y. Crowell Company permitting research on the Third

Edition of Roget's International Thesaurus. This step was
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taken after earlier comparative research¥ on Webster's

Dictionary of Synonyms and two versions of Roget's thesaurus.,

The International Thesaurus has not been keypunched¥*#¥ gnd
research on the thesaurus is ready to begin.

Research and programming related to mapping the text onto
nonverbal representations has moved in graphic and statistical
directions. The MAPTEXT program originally written for the
Philco 2000%*% had not been redone for the IBM 360 system
currently used by the project; it has now been rewritten, using
PL/I. .Standard statistical measures and procedures have been
investigated and, in some cases, tested for their value to
this project. Among other efforts,work on frequency distrib-
utions will continue in an attempt to provide a statistical
algorithm for specifying the threshold which determines search
keys in the VIA program. The effort to find appropriate
statistical procedures for the analysis of graphemic strings,
including punctuation marks and blanks, continues., Where
possible, already written computer programs are used for the

work on statistical parameters of language.

¥See Sally Yeates Sedelow, Stylistic Analysis, Report on the
Third Year of Research, 1 March 1967, DDD AD 651-591 and
Sally Y, Sedelow, et., al., Automated Language Analysis, 1967-
1968, DDC # AD 666-587.

¥¥The keypunching conventions are shown in figure 2 in page
35 of this report.

¥¥%¥3ee pp. 86 - 113, Sally Yeates Sedelow, Stylistic Analysis:
Report on the Second Year of Research, DDC # AD 0629-789 and
pp. 70 =89, Sally Yeates Sedelow, Stylistic Analysis, Report
on the Third Year g£ Research, DDC # AD 651-591,
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1. Recognizing Roots in Words Which Have Prefixes#

On pp. 82-91 of this report, John Smith describes the
program he has desligned and written for the recognition of
prefixes. This program will be available for use, if desired,
as part of the word root-grouping section of VIA., From its
beginning, VIA has recognized words with common roots but
different suffixes. The function of suffixes is heavily
syntactic; thus, the effective removal of a suffix usually
does not seriously affect the central meaning of a word.
Because VIA is designed to look for ideas, or concepts, or

themes, central meanings (such as mad in madly or madness)

are the appropriate search keys. The function of prefixes is
much more heavily semantic, or related to meaning, than is
that of the suffixes, thus making the classification of a
word's central meaning in terms of its root less reliable.
Linguists and other scholars concerned with language

have been interested in affixes because of iInformation they
provide about the influence of one language upon another, or
about the formation of words in a glven language, or about
syntactic functions of a word. Recognition of the semantic

implications of affixation, especially of prefixes, is

¥*Joan Peters and Will Deland were responsible for
consulting other references and lists of prefixes as well
as working completely through the Random House Dictionary
to compile lists of prefixes and exception and inclusion
lists.
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implicit in the kind of distinction described, for example,
by Hockett when he talks of English compounds. Hockett points
out that English stems such as telegraph-, telephone-, and so
on

contain at least one constituent which is clearly

not itself a stem: tele-, phone-, gramo-. But

many contain one constituent which 1s either a

stem or is the same in shape as, and similar in
meaning to, some stem:. graph, phone, photo, stat....

Yet English stems of the kind just dealt

with are different from English phrasal compounds,
like blackbird, bluebird, blackboard., The latter
are a speclal sort of sequence of two words...their
structure is syntactical, not morphological. It
seems best, for English to...speak simply of close
compounds (telegraph and the like) in contrast to
phrasal compounds. The important fact about
elements like tele-, phono-, photo-, graph-,

- phone-, gramo-, stat- 1s that they occur gquite
freely in close compounds; whether each of them
is or is not a stem then assumes secondary
importance.¥

For the definition of stem used by Hockett, his text may be
consulted,¥*¥ For our purposes it is important to notice

that the constituents such as tele-, phone-, gramo- to

which Hockett refers may function as prefixes. The problem
they pose as functioning prefixes 1s suggested by the

necessity to distinguish between close and phrasal compounds,

¥Charles F. Hockett. A Course in Modern Linguistics. The
Macmillan Company, 1958, p. 243,

*¥¥0p. cit., pp. 240-244,
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As Hockett says, phrasal compounds comprise two words linked
together, That 1s, blue 1s still blue and bird is still bird
in the compound bluebird; hence, "their structure is syntactical,
not morphological." 1In close compounds, however, the meaning
of the stem (or root, in our terms) is altered by its prefix--a
telegraph 1s quite different from any form of graph. Should
tele- be designated as a prefix and graph grouped with other
words having that root?

The semantics problem does not seem so severe when dealing
with prefixes which have the effect of reversing the action or
meaning of a word. That is, if one is looking for central ideas

or themes, an occurrence of inimitable does carry the theme of

imitability even though the in- prefix emphasizes its impossi-
bility. Many other examples, such as demoralization, decentralize,
disassociate, etc., could be cited to support this point.

Sometimes a prefix makes very little difference to the
meaning of a root. The notion of fend, meaning to keep some-
thing or somebody off, is not significantly altered by the

addition of de-. Nor are guise or rupt greatly affected by

prefixing dis=-. Con- added to junction provides another example

of a prefix which, in present-day English, is largely redundant.
There are, however, many instances analogous in semantic

difficulty to that of the phrasal compound cited above. An

inspection of the etymology of the problem prefixes and roots

may explain the reasons for their having originally been

connected, but those reasons are now generally obscured so far
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as present usage 18 concerned. Given current usage, what should

be done with the tribufte in distribute or the play in display?

There are no adequately tested algorithms for describing
the semantic behavior of prefixes. For references relevant to
an investigation of prefixes, the bibliography at the end of
This section may be consulted. The papers of Resnikoff and
Dolby, and Earl represent a promising effort to recognize,
automatically, character sequences which may function as affixes,
Rules have been formulated to describe these sequences and the
recognition of affixes according to these rules is reported to
have been quite successful. However, as Resnikoff and Dolby
point out, they

have discussed only the question of determining

the affixing strings. The more delicate problem

of deciding when an affix is acfing as an affix

in a particular work remains. For example, the

weak prefix RE- acts as an affix in READJUST,

but not in READING. ¥

For the operation of VIA, we need answers to those delicate
problems., Since adequate rules are not available, the only
approach open to us has been to compile lists of prefixes and of
words which should be either included or excluded from the
province of a given prefix, Lists available in the references

cited in the bibliography (especially Ball, Jespersen, and

Marchand) were consulted and the entire Random House Dictionary

¥H, L. Resnikoff and J. L. Dolby. "The Nature of Affixing in
Written English," Mechanical Translation,; Vol. 8, Numbers 3
and 4, p. 89. -
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was searched to determine which words should be designated as
having prefixes and which should not., We decided to err on the
side of over=-inclusion, permitting the researcher to eliminate
incorrectly designated prefixes and hence rocot forms demarcated
by the prefixes. Using the program written by John Smith
(pp. 82-91), we are now experimenting with data., The program,
itself, runs relatively quickly. Using the PL/I program on the
360/75, 180,000 words were examined for prefixes in nine minutes.,
To see how PREFIX affected the grouping of words by root,

chapter one of the Praeger translation of Soviet Military Strategy

was run first through PREFIX and then through SUFFIX. The pro-
grams must be run in this order because SUFFIX matches the letters,
beginning with the initial letters, in pairs of words until it
finds a point of divergence; the assumption is that everything
beyond that point in both words may be suffixes.

An examination of sections of output picked randomly
revealed fifty-six root groups of words which had been affected
by the PREFIX run. Of this number, ten had clearly gained
useful information and three had clearly been burdened with
misleading information., Thirty-nine groups consisted solely
of stems remaining after the operation of PREFIX; that is, there

happened to be no words in chapter one of Soviet Military Strategy

which had the same root as any of these thirty-nine groups.
Twenty=five of the thirty-nine might provide additional useful
information in another textual context and ten of the thirty=-

nine might provide misleading information in another textual
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context, Four of the thirty-nine would probably neither
help or harm any output. Four of the fifty-six root groups
are difficult to classify.

The ten root groups which were helped by the PREFIX run
were as follows: 1., able, (en)ables;¥ 2, capacity, (in)
capacitate; 3. courage, {(en) couraged; 4, danger, (en)
dangering; 5. doubt, (un) doubtedly; 6. integration, (dis)
integrating; 7. labor, (e) laboration; 8, moral, morally, (de)
moralization, (de) moralizing; 9. sequence, sequences, (con)
sequent, (con) sequently; 10. value, (e) valuating, (e)
valuation. The group in this 1list which some might question
is number 8., We felt that making the link between moral and
demoralizing obvious would be helpful in assessing this
particular work. The SUFFIX run will make the presence of
roots produced by PREFIX apparent by printing the prefix
along with the root. Given this information, the researcher
can ignore any roots he deems misleading.

The three groups we felt to be harmed by the PREFIX run
were 1, center, centers, (re) cently; 2. tribute, (dis) tribution;
and 3, part, partial, (pre) pares (pre) paring, We will
certainly alter the lists in PREFIX so that 1 and 3 will not
happen again and will probably do so for 2 as well,

The twenty-five groups consisting of just roots produced

by PREFIX which might have contributed positively, given another

*¥*In this ard all following cases, the prefix for a prefixed
word 1s enclosed in parentheses,
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text, were as follows: 1, (en) compasses, (en) compassing;
2. (in) conceivable; 3. (dis) coveries; U4, (in) evitable
(evitable is not a likely occurrence, but it is a word); 5.
(de) fend, (de) fending; 6. (in) fluence, (in) fluenced, (in)
fluences; 7. (en) joyed; 8. (con) junctioni 9. (ob) ligations;
10. (out) moded; 11. (ap) ply; 12. (com) promises; 13. (ir)
refutable; 14, (en) riched, (en) richment; 15. (dis) rupted,
(dis) ruption; 16. (fore) see, (fore) seen; 17. (in) separable;
18, (in) stead; 19. (re) strict, (re) stricted; 20. (un)
thinkable; 21. (dis) tinction, (dis) tinctions, (dis) tinguish-
ed--these roots could be linked with tincture(s) which provide
the reverse meanings taint, affect or having a smattering of
knowledge. In the final four cases, the use of PREFIX on
texts from earlier centuries might produce positive results:
22, (en) gaged, (en) gagement, (en) gagements--the non-
prefixed forms all occurred in the 19th century and earlier
and meant e.g., a pledge, or deposit of something of value;
23. (co) ordinate, (co) ordinated, (co) ordinating, (co)
ordination--in earlier texts, the non-prefixed forms were used
to mean ordered, arranged, etc.; 24. (in) vestigations, (in)
vestigates~--in earlier texts, vestigate was used the way
investigate is now used; 25. (sub) jugate, (sub) jugated--in
earlier periods, jugal (yoke) and jugate (joined together)
were viable forms,

The ten groups consisting of Jjust roots produced by

PREFIX which might have produced misleading information in
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another text were 1. (per) iod, (per) iods--these odd-looking
roots could lead to misgroupings in texts where the word
iodine and related forms are used; 2. (per) mitted--the root
could be confused with "mitted" meaing to wear mittens;

3. (dis) persal, (dis) persed, (dis) persing--for early texts,
the root could be linked to the word "perse," meaing blue, and
in some root=grouping procedures, although not ours, the root
could be linked to forms of "persecute"; 4, (del)ploy, (de)
ployment; 5. (dis) putes--the root could be linked with "put"
by our program; 6. (re) sult--the root could pe linked with
"sult" from (in) sult; 7. (per) taining--in sixteenth century
texts, "taining" was a device for catching fish in a river;

8. (dis) tance--the root could be linked with "tan"; 9. (un)
til--"til1" is a name for a specific plant in the East Indies
and another, in Madeira; 10. (pro) vide, (pro) vided, (pro)
vides, (pro) viding--the root could be linked with the Latin
vide meaning refer to, or see. Some of these possibly harmful
linkages are very unlikely to occur. Numbers 7 and 9 would
fall in this category, Others, such as numbers 1, 2, and 3
are quite unlikely; 10 is also unlikely unless footnotes are
included as part of the text examined by PREFIX., Thus, only
four of the ten pose any very serious threat to the efficacy
of PREFIX. Any or all of these ten groups can be eliminated
from future output by making the appropriate inclusions or

exclusions for the lists used by PREFIX.
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The four groups which would seem to make neither positive
nor negative difference are 1. (per) fectioni 2. (un) ite,
(un) ited, (un) ity, (un) iversal, (un) iversity; 3. (per)
manently; 4. (pro) ve, (pro) ved, (pro) ves., There are no
English words to which these roots can be either helpfully or
unhelpfully linked, This being the case, PREFIX should be
altered so that these roots won't be produced. It should be
noted that for all words having prefixes, the original word
is retained and given in the output; thus, possible loss of
information as well as confusion over roots such as "ve" and
"ite" are avoided,

The utility of four of the root groups produced by
PREFIX is difficult to assess., These groups are 1., (for) bade;
2. (geo) graphic, (geo) graphical, (geo) graphically; 3. (de)
nominator; and 4. (dis) posal, (dis) posed, (dis) position, and
(dis) positions. Currently, "bade" is seldom used,; when it is,
it can mean either to have bidden someone do something or to
have bidden someone farewell, "Forbade" would be the antonym
of one of these senses but not the other; therefore, sometimes
grouping "forbade" with "bade" would be helpful but other times

it would not. "Geography" is defined in the Oxford English

Dictionary as the science concerned with the description of

the earth's surface. Words related to '"graphy," such as
"graphic," "graphical," and "graphically," are concerned with
drawing or writing, or producing by words the effect of a picture,

If geographic maps, for example, were being discussed, grouping
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"geography" and some form of "graph" together would seem
desirable, Often, though, such grouping might not be
especially helpful. "Nominate" is now rarely used to mean to
call by the name of, to designate, or to mention or specify

by name., Likewise, "denominator" is seldom used to refer to

an individual who denominates or gives a name to something,
Most often, "denominator" is used in an arithmetic or algebraic
context to refer to the number or variable below the line in a
fraction--the divisor., Hence, it would seem that for current
texts, the prefix should not be removed; for older texts, per-
haps it should be. The "position" in "dispositions" might

be somewhat appropriately grouped with "position" (in the sense
that disposition implies a new position), but the "posal" in
"disposal" or "posed" in "disposed" would seem more questionable
additions to such a group. The ambiguities inherent in
"disposed" (e.g., to get rid of, to be willing to do something)
are rendered more confusing by the "posed" remaining when the
"dis" is removed. One can pose a question or adopt a posey
"dispose" does not produce the opposite of either meaning of
"pose,"

With the possible exception of "denominator," the viability
of any of the above groupings would depend upon the senses in
which the word or words in the group are being used. For the
present,; the human researcher will have to decide when he wants
to include a root from which the prefix has been "removed" and

when he wants to exclude it,
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These comments about a small subset of the results pro-
duced by PREFIX indicate both the value of any such program
and the problems associated with its use. Because any language
used for human communication is open to such an enormous range
of influences--geography, migration patterns, travel patterns,
language-learning patterns, verbal playfulness and inventive=
ness (as in puns, similes, and metaphors), etc., =-- the likeli-
hood of developing manageable algorithms to deal effectively
with 3&& possibilities, both as to type and date of publication,
is near zero, The best that can be done is to discover usage
regularities which seem relatively invariant over a wide range
of texts; these regularities may then be embodied in a program
such as PREFIX with the assumption that modifications can be
introduced for texts which are typical. In its present form,
PREFIX's positive contribution to text analysis would seem
substantilally to outweigh its negative inputs. Quite obviously,
the entries in the prefix tables can be modified so as to improve |,
its performance further; these modifications will be made. But
even though PREFIX can be given finer and finer "tunings," there
will, for the foreseeable future, be problems of semantic shifts
and complex relationships which will be difficult to resolve,
PREFIX and SUFFIX will show the researcher what affixes were
involved in any given root group so that the research may, if

he chooses, modify the programs' results.
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2, Principal Component Analysis: A Discussion

Principal Component Analysis has both advocates and
critics, If the criteria for component selection are 111~
defined; the correlations produced by principal component
analysis are likely to be meaningless; at best; and mis;
leading, at worst. On the other hand, given well-defined
selection criteria, some researchers such as Harway and
Iker* have concluded that principal component analysis can
provide useful information about the behavior of the
designated components. We have used a principal component
analysis program on chapter one of the Praeger translation

of Soviet Military Strategy in order to compare the kind of

information i1t produces with that provided by the VIA and
MAPTEXT programs. The purpose of the comparison was to see
whether principal component analysis or some analogous
statistical procedure would be a useful addition to our
package of programs, whether it might replace some of our
programs, or whether it should be discarded as a possibility,
The programs necessary to prepare the text for the principal
component analysis package program were written by John Smith
and are described on pp.103-114 of this repdrtq For those
unacquainted with the principal component analysis model, an

extended description is provided on pp.92-99.

¥See reference on p.93 of this report.
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For the run on chapter one of Soviet Military Strategy,

the "components" consisted of all root groups having a frequency

of twenty or more. For example, one group included accompllsh

which had a frequency of 5, accomplished, T, accomplishment, 9,

and accomplishments, I, Altogether, there were 102 such groups.

The size of the textual units within which co-occurrences were
pPlotted was 100 words. Thirty-eight principal component or
factor groups were produced by the program;

Primarily, the principal component analysis revealed two
major kinds of patterns: 1. the co-occurrence of two words so
often that they could be assumed to be used as a pair; 2. thematic
or conceptual patterns within a defined space.

Of the thirty-eight groups, twelve were dominated by word
pairs for which the factor loadings were so similar as to
indicate that the words very often occurred together. For
example, in the first group, armed had a loading of - 0;796

and forces of - 0,726. 1In fact, armed forces 1s a frequently

recurring phrase in chapter one of Soviet Military Strategy.

Other such pairs were: foreign policy, high morale, socialist

countries, United States, most important, means (to)accomplish,

bourgeois theory, new problems, general principle, American

interests, must plan. Soviet government was another pair which

correlated quite well but not as highly as the first twelve
listed above. It is important to note that the program, itself,
gives no information concerning the ordervof the words in the

palr., For the above listing, the order which seems most likely
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is used; however, it is always possible that the words do not
form a pair; even though their loadings are similar; and the
order inferred on the hypothesis that they are a pair is there-
fore in error,

MAPTEXT#* is the program in our current package which gééi
readily display information about order. In a MAPTEXT

representation of chapter one of Soviet Military Strategy**

the contiguilty of armed forces, in that order, is clearly

shown. Because the MAPTEXT run shown in Appendix E was not
geared to the output from this recent principal component
analysis run, information about the other pairs does not appear:
These pailrs could be given as input to a MAPTEXT run and theilr
order would be revealed. If the only information desired weré
Just the order of these pairs, a modified MAPTEXT program
might display just the relative positions of the word pairs;
ignoring the rest of the text., In this latter case, words
rather than symbols could be used, if the researcher desired,
For more extensive mappings, symbols seem preferable because
of the "semantic noise" introduced by words and because of

the display space reduction made possible by symbols.

¥For a listing and sample output from our first PL/I MAPTEXT
program, see Appendix E of this report. MAPTEXT was earlier
available in FORTRAN and TAC on the Philco 2000,

#*¥See Appendix E of this report.
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One might ask why, if MAPTEXT reveals order, there is any
need for the principal component analysis output? One possible
reason is that MAPTEXT merely accepts as input the linguistic
elements specified by the researcher or by other computer
programs; at present, MAPTEXT cannot select the elements it
will map. (It might also be noted that the major role initially
envisioned for MAPTEXT was not to reveal the order of co-
occurring words; this information can be extracted; albeit more
laboriously, from our indexing program, MAPTEXT was intended
to show the spatial relationships, or dynamics; of word groups
such as those produced by VIA across an entire text or large
subsection of text. Principal component analysis does not
provide that kind of information.)

Despite these differences, so far as the word-pailr
subset of output produced by principal component analysis
is concerned, the most closely related program in our package
is MAPTEXT. It can reveal the pairs if they happen to have
been included in its input. Of course; MAPTEXT could be given
exactly the input which is given to the principal component
analysis program=-in this case, all root groups occurring twenty
or more times, The word pailrs or, more properly, root pairs
would appear, as would their order. In the mapping of chapter
one of Praeger reproduced in part in Appendix E., there
are seventeen input groups. The word pairs show up clearly
but it is necessary at present to count up by hand the number
of occurrences in order to know which words occur together

sufficiently often to be considered a frequently recurring pair
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in a given text. The necessity for such hand counts, of

course, could be eliminated by giving MAPTEXT the facility

for co-occurrence tabulation and for the determination of

a significant threshold. Then MAPTEXT would provide the kind

of cross-referencing which MAPTEXT and principal component
analysis could now provide jointly. Thus; if principal
component analysis does not contribute significantly in some
other way, it may be an unnecessary tool for our research, given
the concept of a MAPTEXT program. To examine further the possi-
ble contribution of principal component analysis; this
description will now turn to the other major type of information

it provided about chapter one of Soviet Military Strategy.

The revelation of words which occur so often together that
they can be assumed to form a pair is one kind of information
carried by the groups produced by the principal component
analysis program, Another kind of information might be
described as thematic or conceptual: the words are not so
highly correlated as to be paired, but they do occur in the
same textual context with relatively high frequency and some-
times a theme or concept can be inferred from the words. For

example, in factor 2, the words nature, determine, strategy,

and influence are correlated; one inference might be that the
text is concerned with determining the nature of strategy--in-

fluence would seem related to determined. In factor 9, the

words changes and weapons are the most highly correlated. The

words for some of the other factors are as follows: 11. capital,
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Britain, industry; 12. strategy, operation; 16. development,

theory; 17. German, production; 19. accomplish, means, aims;

21, leadership, organigzation; 24, increase, production; 25.

material, requirements; 30, capitalist, system; 31. achieve,

success, result; 32. world, American, interests; 33. potential,

economic, plans.

The program in our package which has a goal somewhat
similar to this use of principal component analysis is really
the set of programs collectively called VIA (for Verbally-
Indexed Associations), A VIA run (again made gzt an earlier
time than the run using the principal component analysis program)

on chapter one of Soviet Military Strategy produced output for

a number of words listed in the factors above including strategy,

weapons, capital, development, theory, production, means, aims,

leadership, organization, increase, production, requirements,

world, American, economic, and plans. To illustrate the

difference between the two programs, the VIA output for weaponé
is reproduced below with the exception of some special notation,
such as the asterisk, which 1s not relevant to this discussion,
The output in Figure 1lare typical for a list-structured VIA
run on a chapter=-length text. Clearly, it is very different
from the output for factor 9, in which the two important words
are changes and weapons. Major differences between the operating
design of the two programs derive from the fact that the
principal component analysis program is designed to reveal

component co~occurrence which must be defined within subsections
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WEAPONS
WEAPON
...... ARM
....... DISARM
....... FIREARM
....... GUN
....... MISSILE
------- NUCLEAR
....... ROCKET
....... STEEL
------- WAR
....... WEAPON
------ BOMB
------ MISSILE
------- MILITARY
-------- FIGHTER
........ GENERAL
_______ COMMON
------- HABITUAL
------- NATURAL
_______ NORMAL
------- REGULAR
_______ TOTAL
_______ TYPICAL
_______ UNIVERSAL
------- WHOLE
-------- GUNMAN
________ MAJOR
-------- MARSHALL
-------- OFFICER
-------- SOLDIER
........ WARFARE
-------- WAR
------- NUCLEAR
------- ROCKET
,,,,,,, WAR
------ MORTAR
...... RIFLE
...... SWORD
FIGURE 1

of whatever textual unit 1s being examined; the VIA program
uses a "component," or high-frequency root group, as a key
for a search of the entire chapter for all other semantically-

related words. Thus, other than the main search unit (the
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chapter in this case), for VIA co-occurrence is semantically
defined, rather than spatially defined as it is for principal
component analysis.

The resulting output differences are obvious., VIA takes
one root group; which may be said to represent a theme or
concept, and shows its elaboration within the given relatively
extensive textual unit, The elaboration could be even more

extensive; for example, another run of this particular version

of VIA on chapter one from Soviet Milltérj Sﬁréﬁég& would have
resulted in the addition of all the groups of words related to
the word war. Even so, the output shown in Figure 1 is quite
extensive and it carries the connotation of various forms of
war (nuclear and conventional warfare); it also "blunders into"

a group (the words connected with general) which 1is clearly
extraneous., As it happens, general most often means ‘common,

habitual, natural, efc. in Soviet Military Strategy and the
wordsattached to it in the VIA output emphasiée that meaning.
So that in this instance, the elaboration, which had a
potentially misleading element, was self-correcting; this is
sometimes, but not always, the case.

Principal component analysis ggi provide a modest semantic

elaboration of a given term. Examples in the list above are

21, leadership, organization and 31. success, result. Another

More often, however, the words do not bear any close semantic

relationship to each other but represent, instead, the spatial
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convergence of disparate terms. This convergence is often
suggestive of a particular theme or idea (e.g., material

requirements in 25 above or capitalist system in 30) but

the nature of the inference involves more possibilities
(syntax becomes important as well as semantics] and more
opportunity for error than is often the case with the groups
of more closely semantically-related words in VIA,

Nonetheless, principal component analysis does provide
information, namely that concerning co-occurrence within a highly
restricted textual space, that VIA does not. We have used VIA
profitably upon scenes within a play and upon groups of
paragraphs, but 100-word units are too small for the efficient
utilization of the elaborate VIA apparatus. Again; then; it is
MAPTEXT rather than VIA which emerges as the leading alternate
to principal component analysis, MAPTEXT will, of course; show
co=occurrence within textual units of any size. However, when
the input to MAPTEXT becomes too dense, MAPTEXT becomes diffi-
cult to read. A possible sequence; then; would be to use a
principal component analysis program; or some other procedure
which provides co-occurrence information; to reduce the informa-
tion to manageable proportions and next feed the results to
MAPTEXT for a visual portrayal of the spatial relationships,
including order. Another possible comblnation of such programs
would be to run VIA, take the resulting conceptual elaborations
(these would be very extensive when using the ring-structure VIA)

and use them as input to some statistical data reduction
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program, and use these results as input to MAPTEXT, as
suggested above. It is our assumption that when some
statistical procedures, such as principal component analysis;
are used in isolation, they do not provide a sufficiency of
information for reliable employment; it is likely; though;
they will have utility when used in combination with other
verbal data organization and display procedures; We mean

fo explore such possible combinations.

3. Thesaurus Research

As noted earlier in this report¥, Roget's International

Thesaurus has been keypunched in preparation for research on
its structure. The conventions used for keypunching are given
in Figure 2.

William Buttelmann has written two processing programs
to prepare the thesaurus for examination by the computer; The
first of these programs, ROGET, will identify individual
entries and categories from the text stream of the thesaurus;
The output will be a list of pairs having as format the
category number and entry. The second of these programs,
RUPDATE, will update the output from ROGET with cards read in
through the card reader.

Larry Rosen has been considering using rings for data
structure organization to facilitate one approach to delineating

the structure of the thesaurus. His proposal follows on page 37,

¥See p, 1L
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Ir.
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Keypunching Conventions for Roget's Thesaurus

General.

One card per line; a line is one line in a column; two
columns to the page.

Order the cards by column,

Hyphenation is preserved, as is.

Type Fonts (Group Shifts). -
" text font Upshift character

a, Normal text and universal downshift- #

b, Bold face text -

c., J1talics text -

™ ®

d, Headings (all caps) -

|
A3

e, Parts of speech (sans serif caps)
and xrefs (sans serif numerals)

Capitalization (Bouncing Shift). - *
(needed only in 1lla, 1llb, 1llc)

Diacritics (key before the letter).
text diacritic Keyed character

| (vertical bar)
- +

(umlaut) (underscore)

Special characters,

(If a character used as a shift character appears in the
text, it is to be keyed twice., E.g., for "¥" in the text,
key "¥%": for "$" in the text, key "$$", etc.)

text character keyed character
G 0-8-2 punch
[ <
] >
v -
(long hyphen or dash) --(double hyphen)

P 0-9-1 punch
g 0-9-2 punch

ae 0=-9=3 punch

Figure 2
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A Proposal for Research on Roget's International Thesaurus

by Larry Rosen

The possible organization of Roget's International

Thesaurus into ring-structured format in computer accessible
form suggests certain experiments useful for studying the
relationships and clusterings of words in the thesaurus., For
example, we begin by assuming that all words linked to each
Other, no matter how tenuous or distant the link, are actually
related to each other in "concept." All words so related are
placed in the same "equivalence class." For the purposes of the
first phases of this research, the following "equivalence"
relationships will hold:

l. No word can be in more than one equivalence class;

2, No two words can be at all linked to each other and
be contained in two separate equivalence classes,

3. No word can be listed more than once in any equivalence
class == thus ignoring the effect of multiple "meanings"
for any word.

The immediate objective of the research is to determine,

using either a ring=structured or tree=structured version of

Roget's International Thesaurus as a data base, the number of

equivalence classes in the thesaurus.

For example, consider the word MEMORY., The published index
(which will not be used, however, and which has not been
keypunched,) to the Thesaurus lists the following classes of

words assoclated in concept with the word MEMORY:
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348, AUTOMATION == (via ELECTRONIC BRAIN)
535, MEMORY -= (via REMEMBRANCE

BY MEMORY

FROM MEMDRY

IN MEMORIAM)

875. CEREBRATION -= (via COMMEMORATION)

912. REPUTE -= (via FAME)

536, FORGETFULNESS == (via HAVE A SHORT MEMORY)

Not only are the listed words associated (perhaps indirectly)
with the word MEMORY, but every word listed under the above five
headings 1s so related, All of the words are placed in the
same equivalence class. Using this example from the published
index, the process is continued by looking in the index for all
words now in the equivalence class and adding to the class
all related words thus found. (In the actual experiment as
performed on the computer, all nodes connected to the given
node will be searched.) The process terminates when:

1. There are no more links to any words not already

included in the equivalence class, or

2, There are no more words in the Thesaurus.

The following hypotheses are made concerning expected
results:

1, The number of equivalence classes is small, perhaps

only one,

[\V]

. If there are more equivalence classes than one, it
should be possible to determine the "concept" around
which each equivalence class is formed. This may
provide some clues toward a semantic analysis of the

Thesaurus.,
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By clustering words as described above, we have lost or
ignored certain information useful in the analysis of a
language: the extent of the relationships between words., To
recover that information, we can vary the depth of the search
at which links are examined and used; as a result, the number
of equivalence classes should vary. At some point, it is
hypothesized, the number of equivalence classes will be
workable, That is, certain links are foo tenuous and may
result in the inclusion of words in an equivalence class that
do not really belong there. By examining the results for
each level of inclusion, some idea of the biases, direct or
indirect, in the thesaurus itself, may be determined. At this
point, comparison between this thesaurus and other thesauri and
word-lists can be useful. A side-effect of this research may
be the redesign of the thesaurus to limit the biases which
result in spurious and incorrect word linkages and word choices.
The problems associated with this research at the present
time concern the mechanics of the programming involved. Some
method must be found to recursively include words in an
equivalence class without exceeding the storage available on
the computer, and without using up an excessive amount of computer
time. Once a word is placed in an equivalence class, all references
to that word must be removed from the thesaurus itself to prevent
1ts being 1included in any other equivalence class. A revision
of the data-set structure of the thesaurus, described elsewhere,
will be necessary to include flags for the deletion, in place, of
records that have already been used. These problems have not yet

been resoclved,
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Two utility programs have been written to list the
Thesaurus., The first, an IBM supplied utility program; simply
concatenates all files containing the Thesaurus into one file;
and adds sequence numbers to each record. This will allow for
fhe future addition to, or correction of, the Thesaurus;

The second program is a short PL/I program to read the
sequenced Thesaurus and print it. It does no reformatting;
and, as presently written, does not allow for the selective
printing of records. This capability can easily be added when

the need arises.

4, Ring-Structure Version of VIA. (By William Buttelmann)
This section is an updated description of a second version
of VIA (Verbally Indexed é:ssociations)o The initial version of

VIA is described in TM 1908/100/00, Stylistic Analysis: First

Annual Report, DDC # AD 613-291, 1 March, 1965, and TM 1908/009/00,

URdating gi Thesaur_Program, 17 December, 1965, DDC #

AD 629-368.

This newer version of VIA incorporates two major
technological changes in the system structure. First, the
thesaurus 1is organized as a ring-structures* instead of the
tree structure previously used. The ring-structure is more

general than the tree and 1s precisely the structure of

¥For the notion of the ring structure, we are indebted to the
DEACON Project, See James A, Craig, Susan C, Berezner, Homer
C. Carney, and Christopher R, Longyear, "DEACON: Direct English
Agcesz and Control," in AFIPS Preceedings (FJCC), 1966, pp.
365=300,
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current printed thesauri, whereas the tree structure is an
approximation to it. Second, the programs are written to

take advantage of the large data file random-access capabilities
of third generation computers. This means 1) that they are
designed to operate on a very large text, with a very large
thesaurus (on the order of 1 million entries) and 2) that the
text analyses and thesaurus searches and constructions have been
designed with flexibility of searching in mind (e.g.,, one may use
the system to look for content relationships in the text, either
with other words in the text or with content categories in the
thesaurus, but not in the text; and one may use the system to
generate microthesauri specific to a given text). Finally, this
system has been bullt with an interactive time-shared version in
view,

All the capabilities of the earlier VIA remain. 1In addition,
this version has the ability always to print the words actually
occurring in the text, even though they do not appear in the
thesaurus, so that the comment "DIFFERENT FORM APPEARS IN THE
TEXT" will never appear in the printout,

The remainder of this section is a general description of
the systems programs, in order of processing. This version of
VIA is structured in four sections: "Text Segmentation", "Root
Matching", "Significance Identification and Thesaurus Construction",
and "Search and Print." The programs are written in PL/I, and
were developed on the IBM S/360 model 75, Since PL/I is a

problem=oriented language which is designed to be machine-
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independent, presumably the system can be run on any machine
whose configuration has a PL/I compiler and a random-access
memory extension (such as a disk drum, or bulk core store);

The system can also be run on smaller machine configurations;
but with a limited thesaurus capacity. (E.g., it will run on
the IBM S/360 model 40 with a 256K core memory with a thesaurus

of better than 10,000 entries, 1,000 words, and 100 categories.)

b.1. Text Segmentation

This section consists of the program INDEX and a sort:
The purpose of this section is to separate the stream of text
to be analyzed into significant segments. For consistence, we
will call significant segments "words", although they may in
fact be words, word groups, phrases, or idioms. INDEX formats
the input text into variable length records, each containing
one word with index information giving its location in the text.

The sort then sorts the words into alphabetical order,

4,2, Root Matching

This section consists of the programs PREFIX and SUFFIX
and a sort., Their purpose is to associate all single words
having the same root, and to eliminate certain "non-content"
words, often called "function words" in the literature. English
prefixes and suffixes differ considerably in syntactic complexity
and semantic significance. prefixes are in general more

semantically significant and have much simpler syntax than
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suffixes. Accordingly, the PREFIX and SUFFIX programs are
designed to function differently. PREFIX recognizes prefixes;
by comparison with a standard list, together with an inclu-
sion/exclusion list of stems, The prefix is recognized so that
SUFFIX may work properly on the root., After the prefixes are
marked, the text is again sorted into alphabetical order.
Finally, SUFFIX scans the text and recognizes all words that
differ only by a suffix. All such words are assumed to have
the same stem (the process is refined by an extensive exclusion
list) and are assigned a match count (MATCNT) number for future
identification., The suffixes are not deleted. Thus, all words
with the same MATCNT number have the same root; all words with
the same root (and with no prefix differences) have the same
MATCNT number, SUFF1X also does the function word elimination,
by comparison with a table of standard function words, and

prints the i1ndex.

4.3, Sign;ficancg Indgntlflcation anquhesaurus Construction-

This secticn consists of the program THESAUR; a sort, and
a special merge program, KEYUP. THESAUR processes analysis
requests issued by the user, updates the existing thesaurus with
information from the text, and identifies the significant words
or categories for which relationships in the text are desired.
The key words and key categories = or "search keys" as they are
called = are sorted and merged (in the program KEYUP) with the
search keys from any previous sections of the text. The merged
keys are passes to phase U4, where each is used to generate a

thesaurus search,



1 March 1969 iyl

Analysis requests are processed in the section of THESAUR
labelled REQUEST. Analysis requests are entered 1 per card
(see Section II,B.2 "ANALYSIS Request Cards" for a complete
description of the cards and their parameters). They are
- edited; batched, and stored on TYPE by the program; The number
of requests that may be entered per run is limited to the siée
of the REQUEST_TABLE, normally set at 100,

Updating the existing thesaurus is done by comparing the
text with the VOCAB data set portion of the thesaurus. See the
INITIALIZE_VOCAB and UPDATE_VOCAB sections of THESAUR. First,
the VOCAB is initialized to remove any spurious information
which may have been left by earlier processing. Then a garbage
collection is done to ensure that there are no imbedded blank
records. Finally, the text is scanned sequentially. Each text
word is processed as follows: If the word already appears in
the VOCAB, its MATCNT and COUNT are entered in VMATCNT and
VCOUNT, If this is the first section of text in which the word
has appeared, the current TEXTSECT is inserted in VSECT; If
the text word is not in the VOCAB, THESAUR attempts to link it
with other words that are in the VOCAB. If it can establish a
link, it makes a new entry for the word in VOCAB, marks it as
a "temporary entry'", and enters the MATCNT and COUNT. A link
is said to exist if there is another word in the VOCAB with
the same root as the text word in question. Since such words
may exist in the VOCAB, but without their VMATCNT entered,
THESAUR uses the external subroutine STEM to examine likely

candidates, if it cannot find entries with a matching VMATCNT,
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Finally, if no 1link can be established, THESAUR produces the
message. "WORD_____ . UNABLE TO ESTABLISH ANY RELATIONSHIPS IN
THESAURUS. "

Each analysis request causes a search of the thesaurus and
ftext information for key words and/or categories; One of the
most powerful features of this version of VIA is its flexibility
in identifying significant thematic content - in choosing
significant keys. They may be designated a priori by the user,
or the user may ask THESAUR to pick them from the text on a
frequency basis., The TYPE parameter in the analysis request
card specifies the method of key identification., TYPEs *'3!
and ‘U{ are the a priori types: one may designate a single
word (which need not be in the text) or a particular category
in the thesaurus. TYPEs 'l' and '2' allow a means for
specifying thematic significance based on frequency of occurrence,
TYPE '2' bases significance on the sum of the frequencies of all
words with the same root. Every root that occurs more often than
a specified threshold is considered significant, and a key is
generated for each word with that root. More often, however,
thematic sameness is a broader classification than root
equivalence: words with different roots may signal the same
theme; words with the same root may signal different themes.

The relationships depend both on the orientation of the author
and the viewpoint of the analyst. One may wish to vary such
relationships from analysis to analysis., Thematic similarity is

precisely what the thesaurus categories are intended to describe.
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TYPE '1' analysis bases significance on the sum of the
frequencies of all words in the same category; Every category
that occurs more often than the threshold is considered signi-
ficant, and a key is generated for it. TYPE '2' keys are
generated in the UPDATE_VOCAB section of THESAUR. All the others
are generated in the BUILD-KEYS section. A complete description
of the TYPE parameter is given in Section II,B.Z; "ANALYSIS
Request Cards."

The obvious advantage of a category-based count over a
root-based count is that significant content may be the
accumulative effect of the occurrences of several roots, no
one of which occurs frequently enough to be detected by the
root-based method. The disadvantage is the cost of extra
processing time on the computer. (of course, 1t is not
necessary that the categories in the master thesaurus be
formed on the basis of thematic criteria. The categories of the
master thesaurus are a priori to any text analysis, and one
may choose a thesaurus organized any way he likes.)

An alternate approach to the counting method would be
to use frequencies relative to normal usage. This requires
tables of words and their frequencies, tabulated from random
samples of the language taken from a very large population.

Regrettably such tables are not, in general, available.
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4,4, Search and Print

This section is the program SPRINT which searches the
thesaurus for content-word and word-category relationships keyed
by the search keys generated by THESAUR., All the textual infor-
mation needed to direct the search has been entered into the
thesaurus by the data preparation section, so no further
references to the text file are needed,

SPRINT consists chiefly of a recursive subprocedure which;
cued by a key word, searches through the thesaurus to find all
the semantic categories containing the key word., Within each
category, it uses each related word to key another level of
search, This process occurs through any number of levels of
recursion, up to 9. If the key is a category, the search begins
by finding all the words in that category. The number of levels
is specified in the DEPTH parameter of each analysis card.
Because of the cyclic, or "ring" structure, of the thesaurus,
certain redundancies are inevitable. For example, every word
is related to itself. More intricately, two or more words in
several categories together will cause the search to return
eventually to the first category and thus repeat itself, Such
redundancies are recognized by the program and suppressed.

Considerable flexibility is allowed in the kind of searching
that is done. This flexibility comes from the fact that the
base thesaurus contains many words not in the text. Some of
these, however, are related to words in the text, and it may be
important to know them. Thus, for example, it is possible to

request a search for all words related to a given key word, even
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though the key word itself is not in the text at all: 'Also:

for example, it is possible to ask for words in the text that

are related in the thesaurus, even if the words that

establish the 1link are not themselves in the text: These options
are controlled by the TYPE and MODE parameters specified in the
analysis request cards. (See Section II.B.2. for the format

of the ANALYSIS Requests.)

The shape of the printed output for a search based on a
single key is called a "tree.," The key is the "root" and the
words at the lowest level of search (the farthest right on the
paper) are called "lieaves." Each word or category that is
used as a branch point for further searching is called a "node."
The root and leaves are also nodes. Level or depth of search
corresponds to level in the tree: the root is level zero.

There are five search modes one may choose: Text-limited,
Text-oriented, Text-rooted, Text-related, and Subthesaurus;
These are described completely in the section "ANALYSIS Request
Cards" under the MODE parameter,

When VIA is used to analyze a text which has been separated
into sections (see documentation of TEXTSECT card in section
IT .B.1.), it is convenient to know when new words appear in
the text. To flag their appearance in the SPRINT printout, new
words are preceded by a short dash line, It is also often
desirable to conduct searches on keys which have been keys
in earlier sections of the text, even though they are not keys

in the current section. Such keys are preceded by an asterisk
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when they are printed as the root of a tree; Words which are
in the thesaurus but not in the current section of text may
sometimes be printed because they establish links between text
words. In all cases, words not in the text are printed

eénclosed in parentheses,

C. PLANS FOR FUTURE RESEARCH AND DEVELOPMENT
During the coming year, research connected with this project
will concentrate upon two major areas -- thesaurus structures
and ring=structure output problems -- related to VIA, upon
increasing facilities for the non-verbal representation text;
and upon moving toward some interactive capability.

Some of the reasons for the research on Roget's International

Thesaurus have been suggested earlier in this report; For the
complete automation of VIA, a general-purpose thesaural-like
reference in computer-accessible form is needed. A general-
purpose reference 1s desirable because such references represent
assessments across time of the usage of a given language., For
highly specialized texts or research goals, special-purpose
dictionaries might be added to the general purpose basej ideally,
the base might be said to comprise an averaging of many people's
word association nets. As is well known, no such ideal base
exists., Having done comparative VIA runs with Webster's

Dictionary of Synonyms, Roget's University Thesaurus and Roget's

International Thesaurus,*we decided that the International

¥*See footnote * on pagell of this report.
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- Thesaurus merited further exploration. We also have compﬁter
access to the million-word corpus of American Standard English
prepared at Brown University under the direction of W. Nelson

Francis and we will have access to the Random House Dictionary

of the English Language. We hope to compare these latter téxts

with the International Thesaurus, both for the purposes of

revealing bias and for modifying bias when it is discovered,

An investigation of the internal structure of the International

Thesaurus, itself, is also planned, perhaps along the lines
suggested on pp.37.40 of this report. The implications of
this research are considerable, not only for our own project
but for the many efforts directed toward information retrieval
and other language-related tasks which require bases of
semantically-related words.,

The ring=-=structure version of the VIA program has the
capacity for the discovery of mutliple relationships among
words. In fact, this capacity is so great that to show all the
relationships the program discovers results in almost unusable
quantity of output for the human investigator. The figure
already cited in this report -~ 600 pages to show the relation-

ships among words in chapter one of Soviet Military Strategy

which are associated with the word aggression -- makes that

fact abundantly clear. It may well be that we'll want a computer
program to sort out and reduce to manageable proportions the
information gathered by the ring-structure VIA program, It is

necessary first, though, to decide what kind of relationships
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are useful for given purposes and what kind of summaries would
retain necessary information and still be comprehensible; Ovér
the next few months, we mean to experiment with various forms
of output in an effort to determine whether further computer
procedures are desirable or whether an output structure can be
devised which will meaningfully display the information which
can be made avallable by various forms of the ring-structure
VIA program,

Becaﬁse'our programs may often LHie used interdépendéntly,
various procedures in VIA must be "adaptively maintained" as
other programs are added to the language analysis package. For
example, the addition of some statistical procedures may require
information (such as number of word types, sentence length
frequencies, etc.) best obtained when a glven text is being
indexed. Obviously, it is more efficient to add counters to
the index program than to make a separate run on the text for
a parameter such as sentence length. In fact, several different
counts are currently made during the indexing program; others are
made during the root-grouping procedure, etc. Programming so
that such tasks are performed concomitantly not only reduces
the number of complete passes required for any given text

(Soviet Military Strategy has about 180,000 words) but also

mekes available more information after any gilven program run
wlthin VIA; such information can sometimes be helpful when
declding what procedure should next be employed. Gilven these
conslderations, the first four programs in VIA -- INDEX, SORT,

PREFIX and SUFFIX are beginning to emerge as general text
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preparation programs which can serve as points of departuré for
the construction of text-specifi thesauri, for studies of
statistical properties, or for one or another mapping procedures.
Work during the coming year will certainly entaill continuing
maintenance and modification of these programs as more

analytical power is given to the entire language-analysis
package of programs.

A major thrust of such program expansion will be in the
direction of the non-verbal representation, or description, of
texts provided by statistics and by forms of MAPTEXT. As has
been suggested earlier in this report, we feel that such
representations will gain considerably in power when used 1in
combination with complementary procedures -- correlation analysis
and MAPTEXT used in tandem can provide information that neither
can offer separately. It is our plan to add many more
parameters to our store of statistical information so that a
wide choice of possible representations will be available,

The major task will be to determine optimum combinations of
procedures 1n general, if possible, as well as for given texts.

For several of our currently available programs, an
interactive mode would be a useful addition., MAPTEXT is a prime
candidate for an interactive capacity because its purpose is to
provide visual displays of information. Obviously, it would be
useful to experiment, interactively, with the displays, asking
that some elements in a given display be deleted, that others

be added, that the representation symbols be modified, etc.
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William Buttelmann's ring-structure VIA has also been designed
so that it may, when the support is available, be used inter-
actively; the researcher would specify search keys as well as
mode and type of search and see displays of the results. In
response to what he learned, the researcher could alter the
mode or type, or suggest new search keys. As a first step
toward providing interactive capacity, Arthur Coston has
written a number of PL/I macro processors for a CC-30 display
terminal., As time and personnel permit, we will build further

on these efforts,
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IT. PROGRAM DOCUMENTATION
The program documentation actually consists of two sections:

the verbal descriptions and instructions for users in this
section and program flow charts and listings in the Appendices,
Some of the listings, notably those for the textwspecific
thesaurus program in the list-structure version of VIA and for
the first PL/I MAPTEXT program,contain their own documentation.
Section II, therefore, contains no separate descriptions for

those programs.

Ring Structure VIA - User's Manual
by
H, William Buttlemann
A, INTRODUCTION

For an overview of this system, the reader may refer to
section I.B.4., "Ring-structure Version of VIA" of this annual
report. Figure 3 gives the overall flowchart of the system.
Sections B and C of this manual describe the data with which
the user must be most familiar: the control cards supplied by
the user, which govern program operation, and the printed
output., Section D provides a detailed description of the data
sets of VIA, and Section E gives a detailed description of the
programs. Appendix B gives a complete computer listing of all
VIA programs, with self-documenting comments in the code, the
Job Control Cards for running the system, and the printout
produced by each program for a sample text and thesaurus.

Appendix C gives a number of utility programs for use with VIA.
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B. CONTROL CARDS

Three types of control cards are required for a complete
VIA processing run: a TEXTSECT card, one or more ANALYSIS
request cards, and a GO AHEAD/RESTART card. All three are read
by the program THESAUR,

All control cards have a "free-~format" syntax. That is,
there are no column restrictions on the entries in the cards.,
Except for the identifying entries (TEXTSECT, ANALYSIS, GO AHEAD,
and RESTART) which must be the first entries in their respective
cards, parameters may appear in any order. The only overall
syntax requirements are that entries must be separated by commas
or blanks, and the last entry in each TEXTSECT and ANALYSIS card
must be followed by a semicolon,

Since the parameters on these cards control all the
functions of VIA, an understanding of their meaning is essential
to the successful use of the capabilities of the system,

1, TEXTSECT Card:

This card i1dentifies the current section of text being ana-
lyzed, 1t is mandatory and must be the first card. The
only entry required on it is:
TEXTSECT = n .

n is a decimal integer which is the number of the current
section of text, The parameter:

MSGPARM = 'LIST!
may be entered to request the printing of warning messages
generated by the THESAUR program, The default for this

parameter 1s 'NOLIST", which suppresses message printing,
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A count of the message that would be printed is given at
the end of the THESAUYR program.

Optionally, one may enter the string of characters in the
remainder of the card following the semicolon. These
characters will be printed as a heading at the top of the

first page of output,

Examples: TEXTSECT 1, MSGPARM='LIST';

TEXTSECT 50; SECTION 50 of JOYCE: PORTRAIT.5/9/69

ANALYSIS Request Cards:

BEach card supplies the parameters for a complete text ana-

lysis and thesaurus search and print. The number of ANALYSIS

cards that may be entered for a run is limited by the size

of the REQUEST table in the THESAUR program, which is

currently 100 cards. The first entry on each card must be:
ANALYSIS n .

n is an arbitrary number identifying the analysis and will

be used to identify all printout associated with this ana-

lysis request. The other parameters are TYPE, MODE, THRES-

HOLD, CAT, WORD, DEPTH, and KEYLIST. Only TYPE is mandatory.
TYPE = 'n' o

n is the number 1, 2, 3, or 4, This parameter specifies the

type of procedure used to identify key words in the text.

TYPE='1' - Frequent categories. Every category occurring in

the text more than a specified number of times is
to be used to key a search. The number of times
to be used for the threshold, must be specified by

a THRESHOLD parameter in the same card. The
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program will total the number of occurrences in the :
text of every word in eaeh thesaurus category., If
a word occurs in more than one category, its total

wlll be added to each. Every category whose total

TYPE='2"

-

i S

number of occurrences is &gual to or preazter-thamr———————
the threshold, will be used to key a search. This

type of analysis 1is lengthy, but enables the system

to choose significant content in the text, even

fhough it 1is not identified by the high frequency

of any particular word, because the significance is

based on the high occurrence of categories,

Frequent roots. Every root occurring in the text
more than a specified number of times is to be used
to key a search. The number of times to be used as
the threshold must be specified in the THRESHOLD
parameter. The program will total the number of
occurrences of every MATCNT in the text. If the
total for a MATCNT is equal to or greater than the
threshold, every word in the MATCNT will be used to
key a search. This is done by generating a KEY
entry for each word in the MATCNT, This type of
analysis is somewhat faster than type 1. The system
chooses significant content in the text based on the

frequency of word roots,
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TYPE='3" - Category. The category must be specified by
a CAT parameter in the same card. It will be
used to key a search. No count considerations
are used. This type of analysis is much faster
than the previous types and is useful for
searching for relationships to a particular
category, however obscure,
TYPE='4' - Word., A particular word must be specified by

a WORD parameter, It will be used to key a
search. This type of analysis is as fast as
TYPE 3, and is useful for searching for
relationships to a particular word, however
obscure., The word need not be in the text,
but if not, must be in the thesaurus. Thus,
for example, this type of analysis, combined
with search mode D, may be used to find all
words in the text related to the parameter
card,

The MODE parameter:

MODE = f'x!

specifies the mode of thesaurus search used in the SPRINT

program. Xx must be one of the letters A, B, C, D, or E,

If the MODE parameter is omitted or incorrectly specified,

mode A will be taken by default and a message printed to

that effect, The modes are best described in terms of the

tree-shaped output showing the word and category relationships.
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The five modes are:

MODE = 'A' = Text limited., All nodes are in the text., As the

program searches down a path of related words in
the thesaurus, i1t will abandon that path as soon
as 1t encounters a word not in the text., The path
down to that point will be printed.

MODE = 'B!' = Text oriented, Root and leaves are in the text. If

the root is not in the text, nothing is printed.

If it is, each path is pursued until no new words
can be found that are in the text. The path is
printed up through the last textual word encountered.
Thus, this word becomes a leaf of the tree. Inter-
mediate nodes may or may not be in the text.

MODE = 'C* = Text rooted. Root in the text. Only the root 1is

required to be in the text, Each path is printed
down through the number of levels specified by the
DEPTH parameter. This kind of search is used to
look for words, in or out of the text, that are
related to the root, a word or category in the text,

MODE = 'D! = TexE rela_ted° Leaves in the text, This mode 1is

similar to mode B, except that the root 1is not
required to be in the text, This kind of search
is used to look for words in the text related to
a given word or category, whether or not 1t is in

the text.



1 March 1969 61

MODE = 'E' -~ Subthesarus. The whole subthesaurus rooted at the

key is printed, down through the depth specified
in the DEPTH parameter. Nothing is required to be
in the text.
The THRESHOLD parameter:
THRESHOLD = 'n'
is only used in type 1 and type 2 analyses. n specifies the
frequency threshold.
The CAT parameter:
CAT = 'category'
is only used in type 3 analyses. The category specified becomes
a search key.
The WORD parameter:
WORD = 'word!'
is only used in type 4 analyses. The word specified becomes a
search key whether or not it is in the text. The word must be
in the thesaurus, or no relationships will be found and no
output will appear.
The DEPTH parameter:
DEPTH = 'n'
specifies the depth of search that is to be made in the thesaurus.
n must be an integer 1 through 9. Search depths greater than 9
will be reduced to 9 by the syntax checking routines of THESAUR,
and a message to that effect will be printed. If the DEPTH
parameter is omitted or incorrectly specified, a depth of 3 will

be taken by default and a message to that effect will be printed.
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The KEYLIST parameter:

KEYLIST = 'option®

i1s used to specify whether a listing of the keywords for this

analysis is requested. The options are LIST and NOLIST. NOLIST

is default. If LIST is specified, THESAUR will print a listing

of all keys generated for the ANALYSIS request, before they are

passed to the program KEYUP.

Examples of ANALYSIS request cards:

ANALYSIS 1, TYPE '2',MODE = 'D', THRESHOLD = '100',

DEPTH = ‘47,

ANALYSIS 2, TYPE *1', THRESHOLD = '50';

ANALYSIS 3, TYPE *4r, MODE = 'D', DEPTH = '9',

KEYLIST 'LIST', WORD='MIND';

ANALYSIS 4, TYPE

*3', CAT = '100.1';

GO AHEAD/RESTART Card:

This card concludes a batch of ANALYSIS Requests. It must
have either the words "GO AHEAD" or "RESTART", beginning in
column 1 of the card. Nothing else may be entered on 1t.
"GO AHEAD" signals VIA to begin processing the ANALYSIS
Requests that have been submitted, "RESTART" causes THESAUR
to cancel all ANALYSIS requests that have been submitted and
to attempt to read a new batch of control cards. A GO AHEAD
card is mandatory 1f it 1is desired to continue with the rest
of VIA processing. If no GO AHEAD card is present, the

program will respond as 1f a RESTART card had been entered.
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C. PRINTED OUTPUT

The purpose of VIA is to find and display verbally indexed
relationships., These relationships are printed by the program
SPRINT in a tree-structured format. The root of the tree is the
key which generated the search. Each level of the tree
corresponds to a new depth of search in the thesaurus, and is
printed in a different column on the computer listing, The
root is level zero. Since words are linked to other words by
membership in a common category, and categories are linked together
by containing the same word, the printout has alternate columns
of words and categories. The further to the right one reads on
the page, the more remote one is from the keyword, The further
apart two words are in depth, the more remote is their
association.

All words which do not appear in the text are printed
enclosed in parentheses., When a word appears for the first time
in a section of text, it is proceded by a dashed line P ).
Keys (roots) which are being printed because they have appeared
as a key in some earlier section of text, but do not qualify
as keys in the current section, are preceded by an asterisk.

A key appearing for the first time as a key is preceded by a
period. To ald and encourage batching analyses, all SPRINT
output is printed in order by ANALYSIS Request number,

There are five modes of pruning the printed tree. These
are described in detail under the MODE parameter in the section

"ANALYSIS Request Cards." Appendix B gives a sample printing
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for each mode and for each type.

Normally the printed tree is single-rooted, the one root
being the search key. However, there is one situation in which
the tree will have more than one root. If the search key is a
word which is a "temporary" entry in the VOCAB (a word in the
text which was not in the original thesaurus, but which has been
added to the thesaurus because other words with the same root,
i.e., same MATCNT, were found in the thesaurus), then the =
"temporary" word is associated with the rest of the thesaurus
through the "permanent" words with the same root (MATCNT)., It
is actually those "permanent" words which key the search-and-
print algorithm. Thus, when the SPRINT program encounters a
search key which is a "temporary" word, it first finds all the
permanent words in the VOCAB with the same MATCNT and then
initiates a thesaurus search-and-print for each. Each of these
words 1is printed in the column labelled "SEARCH KEY", beneath
the temporary word which is the original search key, and from each
branches a tree. Thus, the whole tree is multiple-rooted, there
being as many roots as there are permanent words with the MATCNT
of the original search key.

The only other printouts from VIA are self-descriptive
editing messages, debugging aids, and keylists produced by the
THESAUR program.

Figure 4 is a sample printout from SPRINT, The key is
the word, MEMORY, and 1s in two categories, 501.1 and 100.1.

The only other word in category 501.1 is MIND, which is also
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in 501,2 along with PROCESSES and PROCESS. Category 100.1 -
contains two other words, not in the text: COMPUTER and PROGRAM.
PROCESSES, PROCESS, and PROGRAM are linked to MEMORY through

COMPUTER. PROCESSES and PROCESS are also linked to MEMORY

through PROGRAM, by means of two categories, 706.0 and 100.2,

which represent two different senses of PROGRAM, MEMORY and

MIND have one direct association, in category 501.1, and three

remote associations via three different paths through the

thesaurus.

1, Input text. The input text is a simple character

stream, in the format of standard printing conventions.

2. Formatted text. The INDEX program produces a re-

formatted text, with index information. Each record

has the following format:

WORD FREQUENCY
LENGTH D COUNT WORD
4 y ¥ 1-58

3, Matched text. The SUFFIX program produces a text data

data set consisting of 1 record per type from the

original text. Each record has the following format.

WORD FREQUENCY
LENGTH MATCNT COUNT WORD )
5 5 5 18 '

¥Tn all record format diagrams, the numbers below each field
specify the length of the field in storage positions (bytes)
as represented in the IBM S/360,
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VOCAB

A vocabulary, which i1s an alphabetical 1ist of each
word type 1in the thesaurus, together with text informa-
tion and a pointer to the directory.

DRCTRY
A directory, which is a list of categories occurring
in the thesaurus, the initial position of each category,
and 1ts length (in number of entries) in the thesaurus,

The directory is ordered on category.

THES

A thesaurus, which is a list of pairs of pointers, one
representing a word in the vocabulary and the other
representing a thesaurus category; the thesaurus is
ordered on category pointer,

To manage these data sets, VIA does its own input-output
buffering., Logically, each data set is a vector, each element
being one record., The data sets are stored on disk in blocks
of records. Records and blocks are referred to by their index
number within the data set. Zero-origin indexing is used
throughout. Thus, the computation of the location of record
n is straightforward: Let b be the blocksize of the data set.
Then record n is in position p of block m, where m =

floor(n/b) and p = b|n.
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b 'XQQAEO The vocabulary is a direct-access data set which
contains a record for each word in the thesaurus and for each
word in the text not in the thesaurus. The latter are inserted
by the UPDATE;VOCAB section of THESAUR during its processing
of a particular text section; THESAUR always deletes these
record types left by previous runs on a different text: Thus;
They are not permanent members of the master thesaurus. They
will; however; become permanent members of any microthesaurus
for a specific text. In addition, each record contains
information necessary for thesaurus searching and enough text
information to eliminate the need for further text searches;
The text information is inserted by THESAUR. Each record

has the following format:

v Vv

VMATCNT VSECT VDIRE@ VCOUNT X g VWORD
A
G

0 i) 4 R 11 13

VMATCNT - The matchcount developed and inserted by SUFFIX. It
serves a dual purpose here:
1., To identify the root.
2, To note that this word or a temporary entry with

the same MATCNT is in the text,
VSECT ~ Number of the first section of text in which this word
appeared.
VDIR@ -~ Directory pointer. Index in the DRCTRY of the first

category containing this word,
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VCOUNT = Frequency count. Total number of tokens of this word
in the current section of text,
VX - Empty.,
VFLAG - Used to indicate that there are other words in the
VOCAB with this same MATCNT that are also in the text.
The flag is 1 if this and others with the same MATCNT
are 1n the text; 2 if others, but not this, are in the
text; 3 if this is a new or temporary addition to the
VOCAB from the text; and 5 if this 1s the last record
in a VOCAB bucket and the entries overflow into the
overflow bucket,
VWORD -~ Eighteen characters are presently allowed for the word.
The VOCAB has a bucket-type organization, for faster
searching.¥* There is a bucket for every pair of English letters
that appears in the Thesaurus, and an additional overflow bucket
-- 677 possible buckets., The key transformation is by means of
table lookup based on the leading pair of letters in the word.
Bucket size and block size are independent, so theremay be more
than one block per bucket., Location information is kept in two
26x26 matrices, VKEYS and VEXTS, stored in the THSCTL data set.
For example, let "xyz" be a word and let x be the ith letter in
the alphabet and y the jth letter. Then, each entry VKEYS(i,j)
gives the number of the first block in the VOCAB bucket contain-

ing the word "xyz", and each entry VEXTS (i,j) gives the number

¥For a description of table organization, searching, and key
transformations, see Brooks, F. P., Jr., & Iverson, K. E.
Automatic Data Processing, John Wiley & Sons, (New York), 1963
Section 7.3.
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of additional blocks in the bucket. Thus, if the program needs
to find "MEMORY" in the VOCAB, it looks up VKEYS(13,5) and
VEXTS(13,5). Suppose VKEYS(13,5) = 42 and VEXTS(13,5) = 2.
Then the program will start a search for "MEMORY" in block
number 42 of VOCAB, and will scan through block number 44, If
VKEYS(13,4) = 0, then there are no entries in VOCAB beginning

with "ME,"

5. DRCTRY. The directory is a direct-access data set which
provides the 1linking between the Vocabulary and the Thesaurus.
There is one record for each thesaurus category. Each record

has the following format:

DCAT DTHS@ DLNG

g8 -4 il
DCAT - Category Number, The classification number of this
category. Any combination of symbols, 8 characters
or less 1s acceptable = such as the designations in

Roget's Thesaurus (e.g. 10la.3).

DTHS@ = THES Pointer. Position of the first record of this
category in the Thesaurus.

DLNG = Length (in # of entries) of this category in THES,
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6, THES. The actual thesaurus is a direct-access data set,
Each record represents an entry in the thesaurus -- that is,

an entry of one word in one category. The format is:

TDIRE TVOC@

) b
TDIR@ - DRCTRY pointer. Index in the Directory of the next
category containing this word,
TVOC@ ~ VOCAB pointer, 1Index in the Vocabulary of the word
for this entry.
For a given word, the Direcéory pointers thus provide the link-
ing which "chains" through all the Thesaurus entries for that
word., The pointer for the final entry of each word is set to
point to the Directory entry for the first category containing
the word. Thus, each chain is cyclic: a "ring structure."
The entire thesaurus, then is a structure of interconnected
rings.¥ Searching is done by stepping around each ring, and
for each entry in a ring, stepping around the ring linked with
the first one by that entry. Because the rings are closed
chains, each search eventually returns to its starting point
in the ring. By saving the address of the starting point, one

knows when the search is complete.

¥For a discussion of chained data representation, see Brooks,
F. P.y Jr., and Iverson, K,E,, Automatic Data Processing,
John Wiley & Sons, New York (1963) Section 6.2%
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The following simplified diagram may serve to illustrate the
organization and linking of the Vocabulary, Directory, and
Thesaurus, Suppose we have the following Thesaurus:
Category 100.1 Computer, memcry, program

100.2 Computer, process, program

501.1 Mind, memory

501.2 Mind, process

706,0 Process, program

Then the data sets would be (we have reordered the Vocabulary

records and elided unnecessary information for clarity):

VOCAB DRCTRY _____THES
WORD VDIRE CAT# DTHSE@ TDIRE TVOCE
0| COMPUTER |0 0| 100.1 0 0 1 0
1| MEMORY 0 1| 100.2 3 1 2 1
2| MIND 2 2] 501.1 6 2 1 4
3| PROCESS |1 3] 501.2 8 3 0 0
4| PROGRAM |0 4| 706.0 10 4 3 3
- 51 99999 12 5 4 4
18 0 1
7 3 2
8 2 2
9 4 3 .
10 1 3
11 0 4

As an example, consider a search for the word PROCESS. We

fairst look it up in VOCAB, 1Its Directory pointer indicates

that it first occurs in the second category in DRCTRY., We go

to the second entry in DRCTRY and find there category 100,2.

Its Thesaurus pointer indicates that this category begins .
at position 3 1n THES, 1Indeed, the entry for PROCESS is the

entry "3-3" at position 4 in the Thesaurus, which is the second

entry i1n category 100.2. To find the other entries for PROCESS,
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we proceed as follows: the Directory pointer at the first
PROCESS entry 1s 3, indicating that the next entry for PROCESS
is in the fourth category. We go to the Directory and find that
this is category 501.2, which begins at record 8 in the
Thesaurus and is 2 entries long. Indeed, there is an entry

for PROCESS in record 9 in the Thesaurus. The Directory Pointer
there points to category number I, which, according to the
Directory is number 706.0, begins at entry 10 in the Thesaurus,
and is 2 entries long. Entry 10 is the one for PROCESS, and its
Directory pointer indicates category 1, the second category,
which was the first category in our ring. Thus, we have returned

to our starting point, and the search around the ring is complete.

One may ask why the TDIR@'s do not point directly to the next
entry in the Thesaurus, rather than back to the Directory. The
answer is that the category numbers are needed for printing
and, more important, for each category, we suspend the step to
the next link in the ring and initiate a ring search on every
word 1n the category. Thus, we need to scan each category in

THES, starting at its first entry,

7. THSCTL., There is one additional data set associated with

the Thesaurus. This set contains location information for the
buckets in the VOCAB, and the blocksize and extent information
needed by the VIA programs to do the data set: VBLKSIZE, DBLKSIZE,
TBLKZISE, VLASTBLK, DLASTBLK, TLASTBLK, VKEYS, and VEXTS. The
values for the first six variables are recorded in data-directed

format and give the block sizes in number of records and the
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number of the last block of each of the data sets, VOCAB,
DRCTRY, and THES., VKEYS and VEXTS are 26 by 26 matrices
stored in edit-directed format, one blank and three digits

per element.

8. KEYS. This file is a list of words, each of which

initiates a search of the Thesaurus. In addition to certain

keying and searching information, each key contains the entire

VOCAB entry for the key word. This information eliminates a -
later search of the Vocabulary. Each record has the following

format:

SORT KEY
KCOUNT [KUDC@ -1

KSECT |KDIR@ | KVCOUNT

DRQ# |KCAT | KMATCNT | KWORI]

H @t dg =
H Qg XR
H moo=EX
H HY< 3N

i 4 b 4 - q 3] I 18
KSECT = VSECT from VOCAB,
KDIR@ - VDIRE@ from VOCAB,
KVCOUNT - VCOUNT from VOCAB.
KVFLAG = VFLAG from VOCAB,
KFLAG = An asterisk here denotes that this key has appeared in a
previous section of text, but does not qualify as a key
in the current section. A period indicates that this is
the first section of text in which this word qualifies

as a key, Otherwise, this field is blank.

KMODE = Search mode from the ANALYSIS request card.
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KTYPE = Analysis type from the ANALYSIS request card,

KCOUNT - Frequency threshold from the ANALYSIS request card:

KVOC@ - Location in the VOCAB of this word,

KDEPTH -~ Search depth 1limit for SPRINT; from the ANALYSIS

request card.

KRQ# =~ ANALYSIS request number from the ANALYSIS request card,

KCAT ~ Category designator from which this word was taken, |
If this information is not pertinent (as in certain
types of search); this field is left blank.

KMATCNT - MATCNT from VMATCNT,

KWORD -~ The key word.

BE. Progra_;nsr

The main line programs of VIA are, in order of processing,
INDEX, SUFFIX, PREFIX, THESAUR, KEYUP, and SPRINT (See Figure 3).
In addition, there are a number of utility programs. INDEX,
PREFIX, and SUFFIX are documented elser here in this or earlier
reports. The utility programs are self-documenting; their
program listings are given in Appendix C, This section,
together with Appendix B, provides complete documentation for

THESAUR, KEYUP and SPRINT.

THESAUR
The data sets associated with this program are:
1. TEXT, the formatted text output from SUFFIX, with
MATCNTs and frequencles entered. (input).
2. The Thesaurus data sets VOCAB, DRCTRY, THES, and the

control data set, THSCTL. (input, update).



1 March 1969 76 ;

3. The control cards submitted by the user; TEXTSECT, >
ANALYSIS Requests, and GO AHEAD/RESTART card. (input).
b, KEYSQ the keywords passed by KEYUP to SPRINT, to
initiate Thesaurus searches, (output).

THESAUR edits ANALYSIS requests and puts them in a table
for later reference; updates the Thesaurus with the current section
of text by inserting information from the text in the VOCAB
data set, and creates the data set, KEYS. There are four
major sections in the program: REQUEST; INITIALIZEMVOCAB;
UPDATE_VOCAB, and BUILDmKEYS; The subroutines of THESAUR are
RWRVOC, READDIR, READTHS, TRIPLBREAK, which are internal, and
STEM, the major external subroutine of the program SUFFIX.

REQUEST reads the deck of control cards (TEXTSECT; ANALYSIS;
and GO AHEAD/RESTART), edits them, and bullds the table,
REQUESTS, from the ANALYSIS cards. During this process; IRQMAX
is used to index the REQUESTS table. Thereafter, IRQMAX retains 5
the position of the last request entered. If a GO AHEAD card 1s
read, processing passes to SORTRQs; which sorts the REQUESTS
table on TYPE, Then, a listing of the requests is printed.
Next, a search of the table is made for any TYPE 1 or 2
requests.

This completes the REQUEST section,

Before passing the current text against the VOCAB, it is

necessary to do a certain amount of c¢leanup, because it is

possible that information rrom other sections of text or from .

a previous run of the current secticn may still be in VOCAB.
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This information must be removed. All MATCNTs and COUNTs

must be erased, since these may have changed from previous
runs; All other information that has been entered from text
sections subsequent to the current section is erased. Informa-
tion from previous sections of ftext (except MATCNT and COUNT)
is retained, This completes the work of the INITIALIZE;VOCAB
section,

The next section, UPDATE;VOCAB, passes the text against
the VOCAB and enters textual information in the VOCAB; Here=-
after, references to textual information may be made directly
to the VOCAB, and no further passes of the text are required.

First, however, the code labelled KTS produces a special
KEYS record which has the current TEXTSECT number in it and a
sort key that will cause it to be sorted first and retained by
KEYUP, This is a method of passing the TEXTSECT number to
SPRINT and avoids requiring that information to be duplicated
by the user,

The text is read at the statement labelled GETT, If a
text word is already in the VOCAB, its MATCNT and COUNT are
entered. If the VSECT field = =1 (indicating that the word
is appearing for the first time) the current TEXTSECT number
is entered. 1If a text word is encountered which is not in the
VOCAB, the word is temporarily saved in the table, NEWTWORDS,
Whenever there is a change in the first three letters of the
text words, there 1s a pause in the processing, and the

subroutine TRIPLBRK is called. TRIPLBRK attempts to link the
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NEWTWORDS with words in VOCAB that have the same MATCNT.

Since the VOCAB words may not have their MATCNTs entered;

it may be necessary to call STEM to attempt to match words:

To minimin%e the number of STEM calls; the NEWTWORDS are

first sorted on MATCNT, Then a search of VOCAB for each

MATCNT is conducted. If a certain MATCNT is not found already
in VOCAB, then the program begins comparing the first NEWTWORD
in the MATCNT group with each word in the VOCAB having the

same leading triplet, using STEM to check for root sameness:

As soon as a match is found; the MATCNT is entered in the VOCAB
entry. Once an entry in the VOCAB is found with the same
MATCNT, all the NEWTWORDS with that MATCNT are tagged for
subsequent entry by setting their NFLAGs to '4'; If no
matching entry in the VOCAB can be found; a sequence of messages
is printed identifying the NEWTWORDS and stating that no
relationships for them can be established in the thesaurus:
After the entire table of NEWTWORDS has been processed: those
words marked with NFLAG = '4' will be inserted in the VOCAB
bucket as "new" (or "temporary") entries. Such entries are
inserted in the extra space provided at the end of the bucket.
Overflows are placed in the special overflow bucket at the end
of the VOCAB. Each of these entries is marked "temporary"

by setting its VFLAG to '3'. Finally; the flag in each
permanent VOCAB entry with a matching MATCNT is set to indicate
that there are temporary entries for this MATCNT: the VFLAG

is set to '1l' if the permanent word is also in the text, and to

r2' if it is not.
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Whenever there is a change in the first two letters of the
text words, additional work is required if there are TYPE 2
requests. TYPE 2 requests call for summing the COUNTS of all
words with the same MATCNT., This work is done in the code 1
labelled PAIRBRK, at the end of the TRIPLBRK subroutine, If
there are any TYPE ?2 requests, then as the text is passed;
each new MATCNT encountered is entered in the table T2TBL;
and its total COUNTS is summed, PAIRBRK processes this table
and then reinitializes it for the next bucket, T2TBL is
compared with all TYPE 2 requests, and a key word record is
written in the KEYS data set for each word in each MATCNT
whose total satisfies a request threshold., This is done for
each TYPE 2 request.

When the entire text has been passed; the work of
UPDATE_VOCAB is finished.

The final section; BUILD;KEYs; generates KEYS records for
TYPE 1, 3, and 4 requests. If there are TYPE 1 requests; the
counts of each category are summed. The sum 1s compared with
the threshold of each TYPE 1 request, and a KEYS record is
generated for each category, for each request whose threshold
1s satisfied by the category sum, For each TYPE 3 request,
a KEYS record is generated for the specified category. For
each TYPE 4 request, a KEYS record is generated for the speci-

fied word,
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- KEYUP

The data sets associated with this program are:

1. NEWKEYS = the KEYS produced by THESAUR; and sorted.

| (input).

2. OLDKEYS = the output data set from the previous run

of KEYUP on the previous section of text;
(input).

3. CURKEYS - the merged and slightly edited keys to go

to SPRINT; (output).

KEYUP merges the new key words produced from the current
section of text with those from all previous sections: Records
only in the OLDKEYS are flagged with an asterisk in KFLAG to
indicate that the word is not a current key. Records only in
the NEWKEYS are marked with a period in KFLAG to indicate that
the word is appearing for the first time as a keyword. KXFLAG

is printed by SPRINT immediately preceding the keyword.

SPRINT

The data sets associated with this program are:

1. KEYS - merged keywords from SPRINT. (input).

2. The Thesaurus data sets VOCAB, DRCTRY, THES, and the

control data set, THSCTL. (input).

3. Analysis results printout. (output).

SPRINT searches the Thesaurus for associations and prints
out the word-category relationship pattern in a tree format.
SPRINT reads the KEYS file sequentially; each key causes one

complete search-and-print operation, the key word or category
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serving as the root of the tree, (For a description of the
output and the search modes; see Section C; "Printed Output.")

The program consists of a main procedure and a recursive
subprocedure, WORD, There are also subprocedures; TEMPRNT; to
seek and print temporary entries in VOCAB, and PGHDG; to print
page headings. The recursive subprocedure, WORD; conducts one
complete scan around a ring of categories (constituting a
word), Within WORD is a loop (the coding labelled CAT) which
conducts one complete scan around the ring of words (constitu-
ting a category) for each category in the ring, Within the
CAT loop is the recursive call, at the coding labelled NXTLVL.,
SPRINT keeps track of the level of recursion in LEVEL, and
WORD will continue to call itself until LEVEL reaches the value
of the DEPTH parameter.

Three data areas of interest are the vectors, PATH;
WORDSP, and CATSP., PATH is a vector of pointers representing
the current path the search=and=print algorithm is working
down. Because of the interlocking ring structure of the
Thesaurus (word ring-category ring=word ring-category ring;
etc,) the odd=numbered nodes will be word pointers and the
even=numbered nodes will be category pointers. The purpose
of PATH is to provide a means for enforcing the overall
printing rule of eliding any node (and the subtree rooted at
it) that has already appeared in the path.,

WORDSP and CATSP are vectors whose elements are character

strings. The strings are the actual words and category numbers
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to be printed. These vectors are needed, because,

for some -

search-and-print modes, the decision to print cannot be made

when a node is found. When a decision to print is

finally

made, these vectors provide the necessary print information,

and rereadings of the VOCAB and DRCTRY are. eliminated.

These vectors are organized so as to make their entries

correspond with the entries in PATH. Thus, WORDSP(I) =

VWORD(PATH(I)) and CATSP(I) = DCAT(PATH(I)). As a
half of each ~SP vector is unused; a small expense
to save the time that would otherwise be needed to
their indices: only one index serves for all three

Other data items of interest are: CURCAT; the

DRCTRY of the first category. This location marks

consequence:
of memory
compute
vectors.
index in

the

starting point of a word ring searchj; PRINTNDX, which indicates

the last position in PATH (and hence in WORDSP and CATSP) that

has been printed.

B..PREFIX

by
John B. Smith

BACKGROUND

Project VIA's need of a computational procedure for

determining the presence of an English prefix on a word has

both immediate and far-reaching implications.

In order to determine patterns of inter-relations among

content carrying words, it early became apparent that procedures
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would have to be developed that could "recognize" or group
together words with the same root or stem., Part of this task
was accomplished by SUFFIX, which groups together words of
the same root form but with different suffixes, PREFIX
accomplishes the other half of the task; It allows us to
note the presence of a concept or idea carried in the root of
the word but modified and masked by the prefix. Thus it has
immediate use in the VIA package.

Although syntactic analysis is of no immediate concern
for VIA, recent computational studies have indicated the
importance of affixes as indicators of part-of-speech. This
consideration led to Resnikoff's and Dolby's work on operational
definitions of affixes and an algorithmic approach to determining
affixes.¥* Their work has been followed up by Lois Earl in her
attempts to assign part-of=-speech categories by rules based
primarily on affixes and internal vowel clusters.#*¥
Unfortunately, her goal of 95% accuracy has been attained
only hypothetically because of errors in her dictionary; and
her work is restricted to a corpus of only some 20,000 words,
PREFIX, on the other hand, is defined over a considerably

larger corpus, the unabridged Random House Dictionary.

*¥*H.,L. Resnikoff and J.L. Dolby, "The Nature of Affixing in
Written English," Mechanical Translation, VIII (1965), 84-89,
Also "The Nature of Affixing in Written English Part II,"
Mechanical Translation, IX (1966), 23-=33,

*Lois L, Earl, "Automatic Determination of Parts of Speech
of English Words," Mechanical Translation, X (1967), 53=67.
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Consequently, PREFIX may have important implications in c
syntactic studies that lie outside the immediate concerns

of Project VIA,

GENERAL APPROACH: Essentially; PREFIX's approach is a
table look=-up procedure, but without the disadvantage of
costly time consumption of multiple searches through the
entire table. An extensive list of admissible English
prefixes was complied by consulting available lists of affixes
and by consulting our working dictionary. We placed two
linguistic restrictions on prefixes:

1. The prefix must be a bound morpheme;

2, A word is considered to have a prefix only if the
remainder of the word, without the prefix; is
independent, ioe°; not a bound morpheme.

After preparing our list of prefixes, we next had to
account for words whose initial letters are identical with
given prefixes but which are not prefix=carrying words. For
example, at, although beginning with a, is not a prefix-carrying
word; atypical would be. SUFFIX functions by having lists of
exceptions. However, we found such an approach impractical for
many prefixes. The a prefix is an example of this problem:
an exception list would involve most of the words beginning
with a listed in our dictionary. One solution to the problem
is to use an inclusion list and considér only those words on
the list as having legitimate prefixes. Such an approach would

work well for the prefix a, but not for in. Our ultimate
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solution was to compile either an exception list or an inclusion
list for each prefix, dependent upon which list would have
fewer members. A note on problems of specific work selection

will be given later in this paper.

PREFIX: As pointed out above; PREFIX is a table look up
procedure; however, since text input is assumed to be in
logical records, one word per record, and the records to be in
alphabetical order, the look up time can be reduced to a
minimum, In fact, the task can be accomplished with just one
complete pass through the prefix lists. FEach prefix is loaded
into a PL/I structure along with its accompanying list of words
and the key that specifies whether the 1list is an inclusion

list or an exclusion list. This structure has the following

format:
91 PTABLE (35);
02 PRFIX CHARACTER (8);
02 KEY FIXED DECIMAL (1),
02 CLUDWD (300) CHARACTER (18);
or

PRFIX

KEY

CLUDWORDS



1 March 1969 86 :

for one prefix with accompanying CLUD list; The structure; -
PTABLE, will accommodate 35 prefixes, each with as many as
300 accompanying words.
Since there are obviously more than 35 prefixes in the
English language, we had to resort to an overlay approach to
"roll in" and "roll out" the appropriate prefix lists. This

task is performed by a call to a subroutine called PFETCH,

PFETCH: This subroutine reads a sequential data set
of prefixes with accompanying lists--hence referred to as CLUD
lists or CLUD words--and loads them into the structure PTABLE,
This is done for all prefixes beginning with the same letter
of the alphabet. When a prefix is read in that begins with a
| different letter, it is stored temporarily, and execution falls
into some "housekeeping" tasks which will be explained later,
Control then passes back to the main procedure. For example,
the first call to PFETCH will load in all a prefixes, with CLUD
lists, until the first prefix beginning with a b is read.
Prefixes, like text=-word records, are in alphabetical order as

are their CLUD lists,

MAIN PROCEDURE: The main procedure is controlled by a large
DO=1loop for which each value of the indexing variable represents
a letter of the alphabet., Incoming text records are first
tested against the control letter of the alphabet., Processing
continues so long as the first letter of a text word matches -
the control letter; if not, PFETCH is called to load in the

next group of prefixes. [The text word s next checked to see
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if it is identical with the preceding word that was just
processed. If so, it is either processed or rejected as was
the preceding word. If the word is different then it falls
into a series of tests.)

First the word is tested to determine its length, If
the word has fewer than four characters, it is rejected
(REJECT is set equal to the word so that the next word read in
can be tested against it). This is done on the assumption that
words with three and fewer characters do not contain admissible
prefixes., We have not found exceptions to this rule in any
tests yet processed,

If the word is longer than three characters it is tested
against the list of prefixes. If the prefix is of length N,
the first N letters of the word are checked for a match, If
these conform, then a check of the accompanying CLUD list is
performed. The word is checked against the words of the CLUD
list until a match is found or the word is no longer further
along in alphabetical sequence than the remaining words in the
CLUD 1ist,

PTABLE: for each prefix,

PREFIX

KEY

CLUD LIST

300
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If the word is found to match one of the words in the CLUD
list, then the prefix key is consulted. If the key is O==indi=-
cating an exclusion list--the word is rejected, REJECT is set
equal to the word; and a new word is read in for testing. If
the key is l=--indicating an inclusion list-=a duplicate record;
except for the omission of the prefix, is created. LSTWORD is
set equal to the word indicating that a valid prefix was
found for subsequent testing, and a new text word is read in.
When a prefix match is found, the location of the prefix within
the PTABLE structure is noted, and similarly for a match within
the CLUD list. Since the text words, prefixes, and CLUD lists
are all in alphabetical order, subsequent tests for text words
can begin with the prefix and CLUD word last found to match a
text word. The prefixes and CLUD lists are processed in their
entirety only once, thus greatly reducing look up time, The
time gained, however, by passing through the list of prefixes
only once is not without some qualifications.,

This last point can best be developed by an illustration.
The word atypical contains a legitimate a prefix, but in
alphabetical sequence it would come after words with ab
prefixes, ad prefixes, etc, If we wish not to keep searching
the prefix lists, prefixes that admit such words must be flagged.,
It turns out that each such prefix is "contained in" the
prefix immediately following it. That is, the "troublesome"
prefix will be shorter in length than the succeeding prefix and

will match it letter=for=letter for its length. Some such
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prefixes are a (contained in ab), arch (contained in ggggg);
etc. The task of flagging each such prefix is performed in
PFETCH. The locations in PTABLE of all prefixes of this
kind are loaded into an array called PERMFIX, with space for
ten prefixes (actually what is stored is a number pointing
to the location of the prefix in PTABLE--thus for a the
pointer would be '1%),

It will be recalled that we tested each text word for a
match with a prefix of N letters. When a match was found, the
prefix was marked and subsequent testing began there. If the
prefix does not match the first N letters of a word, a test
is made to see if the word follows the prefix in alphabetical
sequence. For example, if testing for the word aftermath
begins with the prefix ad, a mismatch of the first two letters
with the prefix will occur. Aftermath will then be seen to
come after ad in alphabetical sequence; consequently control
will shift to the next prefix, and so on until a match is found
or the word precedes the prefix in sequence., At this point
testing will shift to the group of prefixes that admit words in
later sequence than words with the next lower prefix=-as was
the case with atypical. The word is tested against all such
prefixes-=referenced through the pointers in PERMFIX==
and their associated CLUD lists., If a match of both prefix
and CLUD word is found, a duplicate record is formed or not
depending upon the key., If a match of prefix but not CLUD
word 1s found, a duplicate record is formed if the key is 0

(indicating that the list is an exclusion list). Either
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REJECT or LSTWORD is set equal to the word accordingly. -
PRINT: PRINT is a subprocedure that does the actual

processing of the prefix., In the present experimental version

of PREFIX the prefix is lost; however; in the functioning

version it will remain as a separate entry within the logical

record for each text word., PRINT is called whenever an

additional record is to be created., Into the sequential

data set is introduced a duplicate record but with the word

stripped of prefix. A listing on the printer is also made

for manual reference. Format is identical to input format

and is as follows:

1 3 9 12 19

.2 6 3 7 18

+ LIN.# PG, BLANK WORD
LENGTH OF RECORD

The actual removal of only the prefix is accomplished by
using the VARYING character attribute of PL/I. By storing the
prefix in a location with this attribute, the computer records
the actual length of the record contained (in this case the
prefix). Consequently, the portion of the text word without
the prefix can be picked off by using the SUBSTRING operator,
The second operand, the position of the variable (in this
case the text word) at which the substring is to begin, is
set equal to the length of the particular prefix plus 1., After

each call to PRINT, processing continues as before.
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TABLE PREFARATION: Scientific and obsolete words, proper
nouns, and multiple word idioms are not included in the CLUD
lists; however, words marked "archaic" that might appear in
literary texts are included. The problem of accounting for
forms of words to be included but with variant suffix forms
was solved in the following way. Once we determined that a
root form was to be included in the list, we made the entry
conform to only those letters that the variant forms share

in common, Thus the CLUD list entry for complete, completely,

completing, etc, would consist of the letvers complet, This

approach 1is applicable only when the entry form excludes all
words not of the same root and which are not to be included
in the CLUD 1list. This constraint necessitated our marking
certain short words as complete in themselves. For example,
add 1s included in the form '"ADD '; otherwise, the program
would assume that the add entry would include all words with
these first three letters

At present, the program 1is operational, but we are in
the process oI making corrections and additions to our CLUD
lists to account for unforeseen omissions and inclusions. One
of our working hypotheses 1s that the prefix is much more
fundamentally invclved with the semantic content of a word
than the suffix, but 1t also appears much less freqguently
than the suffix within English texts., However, our experience

with PREFIX 1s lamited and 1initiazl assumptions may well be

modified later.
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C, CONTEXT
by
John B, Smith

1, CONTEXT is a package of programs that attempt to
show the way in which the important terms of a natural
language text inter-relate and combine to form the larger
substantive themes of that text, The primary emphasis of VIA
in the past has been to define major themes by finding and
laying out lists of related verms that appear in a document
or segment of a document using various Thesaurio* To use
an analogy, this process might be considered similar to
discovering and displaying the various "bones" that are present
in the structure or "skeleton" of substantive ideas that
underlie a text. CONTEXT attempts to show how these various
segments or "themes" fit togevher, how they are inter-related.
The patterns of inter=-related terms not only mark strong
stylistic characteristics but also are guite revealing as to
the actual content of the piece,

More specifically, CONTEXT looks at small subsections
of text (the size of the subsection is determined by the user)
to see whecher or not any of a list of the most "important"
words of the text are present, Such a list or lists is

provided by VIA as output, and may be used as CONTEXT input

*(For a detailed description of VIA see S,Y, Sedelow, et al.,
Automated Language Analysis. 1967-1968),

-
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if the researcher chooses, The program then examines all such
subsections to determine the consistence with which various words
are used together, The factors or patterns that emerge are
quite indicative of the way in which the author puts together
individual words or ideas to form larger themes, These factors
are determined by using a standard Principal Component Analysis
program;* (Similar "canned" factor analysis procedures are
available at most computation centers)., Input into this
program 1s a list of numbers, or matrix, where the numbers in
each row represent the number of occurrences of each term being
examined in a particular subsection of text. There are as many

rows of numbers as they are subsections of text.

¥The remainder of Section II.C is intended for the reader with

very limited mathematics. Therefore, the presentation is intu-
itive and highly analogous. For a more detailed and rigorous

mathematical treatment see Harry H. Harman's Modern Factor
Analysis, University of Chicago Press, 1967, 2nd Revised
dition.

Factor analytic studies of word clusters have been successfully
conducted in several other fields of research. Many of the
soclal and behavioral science journals carry articles concerning
such studies; some that might be of particular interest to the
reader are The American Journal of Psychology, Educational and
Psychological Measurement, and Psychometrika. One effort Cthat
warrants specific reference is That of Drs, Howard Iker and
Norman Harway. While at the University of Rochester Medical
School they used techniques quite similar to those of CONTEXT
to examine the patterns of associated ideas in transcribed
psychotherapy sessions. (See "A Computer Approach Towards the
Analysis of Content," Behavioral Sciences X, # 2 (4/65),

pp. 173=182), '
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word1 wor"d2 word3 e o o o o o o wordm

sectlon1 fll f12 f13 o o o o o o o flm
section2 f2l f22 f23 e o o o o o o f2m
seclt.10n3 fSl f32 f33 o o o o o o o f3m
sectionn fnl fn2 fn3 o o o o o o o fnm

Thus if one is interested in M different words or "subthemes"
and divides the text into N subsections, then the matrix is
MxN and there are N-M individual elements in it. The factor
analysis program¥ looks at each pair of words in all sub-
sections and assigns the pair a value ranging from -1 to +1
(this value is called a correlation coefficient). If the
terms consistently occur together in the same context the
correlation coefficient would be near +1; if the terms never
occur in the same environment the correlation coefficient
would be near =1; a random occurrence of the terms with regard
to one another would result in a correlation coefficient near
0. Thus the NxM matrix reduces to a square MxM matrix called

the correlation matrix,

¥*CONTEXT, as I have stated, uses what 1s actually a principal
component procedure; however, I shall use the more general
term, factor analysis, in referring to this data reduction
technigue.
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wor‘-d.l _wqré?‘g_wo??3 2 @ . 1‘= wordm
word1 all al? al3 & @ 6 e alm
word2 a21 a92 a23 & & i a2m
word3 aSl a32 a33 . a3m
wordm aml am2 am3 6o o o o o amm

Here 1t is probably easiest to understand the process
1f we switch to a geometric or vector model. One may regard
each row of the correlation matrix as a set of numbers
ordered by their position (8415 815s ====, 8y, etc.), or as a
point in a Euclidean space of dimension M, or as a vector.
If one regards each row as a vector, then the set of all M
vectors ‘one for each row) will generate a space of dimension
D, such that D < M,

For example, the three vectors

1 0 0\ alpha

1

020 alpha2

00 3 a_l'pha.,3

could be said tc generate the usually three dimensional

Euclidean space
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since any point or any vector in the space could be generated
by taking linear combinations of the three vectors given,

For example g8 = (2;293) can be represented by 2a1 + o, + a3 =
2(1,0,0) + (0,2,0) + (0,0,3) = (2,2,3). In general, then, N
vectors will generate a space of dimensionality less than or
equal to N,

The factor analysis model seeks a group of vectors, formed
by various combinations of the original vectors, that comes
closest to generating the original space of the correlation
matrix, This approximation is close when a number of original
vectors lie relatively near to one another. In 2-space this

process might be represented as follows:

Figure 6
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where the original vectors, (u19u29=--,a8) might be approximated
or reduced to Bl, 82, with o probably left over,
What the program actually produces is a set of column

vectors (or factor loadings) of the form

wordl all
word2 321
word3 a3l
wordn anl

Each element or weight of the factor represents the degree to
which the particular variable (word in our case) contributes
to the vector, Thus individual factors can be thought to be
most strongly characterized by those variables or words which
contribute the largest weights. A negative weight implies
the absence of that variable (or word) in conjunction with

the variables or words that most strongly characterize the

factor,

For example: word1 .05
word, .91
word3 .63
word), .81
word5 053
word, .66
wor'd.7 o 32
word8 21
word9 =055
wordlO 011
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This factor is most clearly defined in conjunction with words
2; M; 6, 3, 9, and 53 however, word 9 consistently does Qgi
appear in context with the others.

2, Each factor in the CONTEXT model represents an inter-
relation of words or smaller themes that consistently occur
together, Thus each might be thought of as a characteristic
"large" theme of the document. We are currently testing

CONTEXT on several texts: James Joyce's A Portrait of the

Artist as a Young Man and the Praeger translation of Soviet

Military Strategy. In the first chapter of the Portrait,

for example, almost from the very beginning verbal motifs are
introduced that play beneath the texture of the entire novel,
One such motif concerns fear and retribution associated most
immediately with birds and Stephan‘®s eyes, The motif is
introduced by the refrain

Pull out his eyes,

Apologise,
This same note of tension and fear prevades the chapter,
Stephan is sent to a Jesuit school at Clongowes where he
spends a period in the infirmary, goes home for Christmas,
and returns to school. Upon his return a significant series
of events begins., Stephan accidently breaks his glasses;
because he cannot see to write he is unjustly punished with a
pandybat., At the end of the chapter Stephan escapes the

tyranny of Authority. What is most significant about Joyce's
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narrative is not just the series of events but the patterns of
associations that they raise for Stephan. These patterns of
association are; of course, both a strong stylistic feature of
Joyce's writing style as well as a substantive aspect of the
content of the novel, Many of these patterns of associations
are reflected quite strongly in the factors developed by
CONTEXT,

The motif of fear mentioned above can be seen in the

following factor:

#4
Apologise .826
eyes . 807
out 671
player ,268
light . 260

f

And the stay in the infirmary can be seen in the following:

#5
brother .919
Michael .891
queer 541
infirmary . 294
call .290

in which Stephan is most impressed by the unusual ("queer" is

his word) habits of the attending Jesuit, Brother Michael,
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Several factors reflect the events leading up to the pandybat

episode:

#8 #17
broke . 790 Father o179
glass(es) . 783 Arnall . 766
write . 379 write 402
did 029U want .286
home . 256 !

4

These factors can be seen to reflect the association between
the broken glasses and writing (it was in Father Arnall's class
where Stephenwas "pandied"). The punishment itself can be seen

most graphically in factor #3:

pain .800
pandybat 0112
sound o (12
loud 569
down «352
hand o343
feel «331
differ 2117
felt . 230
quick 211

The very interesting aspect of this factor is that the pain of
the pandybat striking Stephan's open hand 1s explicitly

identified with the loud sougg that the bat makes, This
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identification among various senses is both a strong stylistic
feature of Joyce's writing as well as an important substantive

element of The Pgrtraitn A number of other factors can be seen

to reflect various aspects of the novel, but these illustrations
should give the reader some idea of how CONTEXT currently

functions,
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3. Specific Programs of CONTEXT:

For convenience, CONTEXT has been referred to in this paper
as a single program, Actually it consists of several individual
procedures or programs, some of which are slight modifications
of programs already in the VIA package, The normal VIA indexing
program, INDEX, had to be modified slightly to facilitate the
picking out of the immediate environment of words, INDEX,
originally set up to allow convenient manual cross~referencing,
establishes sequence in terms of numbers for volume, chapter,
paragraph, sentence, and word, for prose, CONTEXT uses a modi-
fied form of INDEX, called LINDEX, in which words are merely
numbered linearly--the first word is numbered l, the second 2,
etc, until the end of the text. This indexing scheme greatly
simplifies the task of determing the "distance" between words;
After indexing, the text is sorted alphabetically using the
standard S/360 sort package. The sorted records are then fed
into a suffixing program that groups words according to root,

Thus, complete, completely, completing, etc. would be grouped

together. All such forms are identified by a unique, five
digit number called a MATCHCOUNT; however, the word itself is
left as it originally appears. The words are again sorted,
this time on matchcount and secondarily on the indexing
sequence., The text then goes through an updating program,
STATEX, in which the frequencies attached to each record are
updated to correspond to the total frequency of all tokens for

the same MATCHCOUNT, Also, STATEX computes the mean, standard
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deviation, and prints out a distribution table. The final data
preparation step occurs in PRETEXT in which all words occurring
over a certain frequency (expressed either in absolute terms or
in terms of m + n(s.d,)) are selected for context study; This
list 1s edited against both inclusion and exclusion lists that
are furnished by the user. PRETEXT then computes a large
matrix in which each row lists the frequency of occurrence of
each of the words within a particular text segment (100 word,
500 words, or whatever unit the user specifies), Finally, this
matrix is fed into a standard principal component program for

analysis.

LINDEX

LINDEX is an indexing program based upon INDEX, described
in detail in the annual report for 1967-68, It differs
primarily in that the indexing information attached to each
record is a six digit, sequential number. By indexing on
linear sequence (as opposed to volume, chapter, paragraph,
sentence, word, etc.), one can easily deterﬁine numerical
units (50 words, 100 words, etc.) for designating subsections
of text or word environments. This capability is essential
for examining environmental correlation and for content
analysis. (See section on CONTEXT).

INPUT: Input must be in 80 character records (usually
punched cards or magnetic tape). The only restriction placed
upon the text is that it be blank delimited. That is, every

unit, including punctuation, that the user wishes the computer
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to recognize must be separated by blanks from other units,

(Example: , , , mu

m

t be separated by blanksA.), Thus the
prcgram will take prose, poetry, speech transcription, etc.,

so long as 1t is blank delimited., Shift characters (such

as ">", "1, or "-") may be used to indicafe different type
fonts, stage directicns, etc.; hcwever, if the user wishes
to have these deleted from the data, he must list them
individually in statement 4 of LINDEX,

OUTPUT., Output consists of fixed length records, one

word or punctuation mark per record,

FORMAT,
1 3 9 12 16 36
L L [P F W
N, [N. | Gg.| I 0
# | | L R
I N T D
> 6 3 7 18

The data set may be either put on tape directly or passed
to a temporary storage location (usually a 2314 disk pack),
sorted alphabetically, and then put onto tape. (Again, with
slight modification of Job Control Language, data may be
passed directly to subseguent programs such as PREFIX and
SUFFIX,)

MAIN PROGRAM, A cardimage is read into a 1 x 80 array
called CARDIMAGE. A subprocedure, FORM, then begins at
column 71(cols. 72-80 are reserved for page numbers, sequence

numoers, etc,.) and concatenates letters until a blank is found,
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No provisions are made for word continuation from one card to .
the next, Therefore, if a word cannot be completed by column
71, blanks should be left at the end of the card and the word
should be punched on the subsequent card, This word is
returned to the main procedure., Accompanying each record is
the page number of the word !for manual reference) along with
a six digit linear sequence number., The latter is incremented
by one for each new word returned.
ALPHABETICAL SORT: The sort used is one of the standard
sorts of the System 360 sort package that is called through
Job Control Language. For a detailed description of the
options available, one should consult the IBM sort-merge
manual, Records are sorted on the field beginning in column
19 of each record, for a field of 18 characters, with the

sort in ascending order,

SUFFEX
SUFFEX 1s a slightly modified form of SUFFIX, described in

detail in Automated Language Analysis: 1967-1968.

This form differs in the following respects, The original
program, SUFFIX, printed for each word-tocken the 1ndexing
information, but the data set passed to later programs dropped
this information. Thus the passed data set became a type (not
token) data set with one entry for each unique word-type in the
text, The modified version, SUFFEX, differs in that 1t takes
an "exit" at the print statement of the older program and

creates a record for each token that is passed either on tape
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or digk to later programs. The record format is as follows:

1 3 9 12 172 38
L | LINEAR | P MATCH | F WORD
E A R
N | SEQ. G COUNT | E
H E Q
T #

H
2 6 3 5 4 18

Thus the output 1s essentially an "updated" data set with

matchcounts and frequency of word=type added to the records,

STATEX
STATEX is an interface program that runs between the
suffix program and CONTEXT. The frequency counts attached to
each record in SUFFEX were frequencies of word type; the
updating of these counts so that they represent the total

frequency of all word tokens for a root or matchcount (not

just a word EXQQ) is done in STATEX.

In addition to updating these counts, STATEX computes the
mean and standard deviation of frequencies of a text data set.
For data sets with similar distributional patterns, thresholds
may be set in terms of mean + n(s.d.). By doing this, the user
is unable to set thresholds proportionally for data sets of
different sizes, STATEX also keeps track of the number of
roots (actually matchcounts) for each frequency interval. This
information is printed out in table form which may in turn be

used in regression procedures that "fit" a curve to the data.
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Our preliminary results imply that the relative locations of ®
various vocabulary items within the patterns for various texts

would provide parameters for determining stylistic variations

as well as content, Similarly the distributional patterns

themselves might be useful in such analyses., For example, the

distributional pattern for a fairly small section of text

taken from Joyce's A Portrait of the Artist is a rather close~
approximation of a negative binomial expansion. If the
distributional patterns for various texts can be approximated
by standard statistical functions, then the defining parameters
might well serve as author and content discriminators. However,
let me emphasize that our research in this direction is just
beginning and any results that we have at this point are

'

tentative.

INPUT

It is assumed that the text data set has been processed
by SUFFEX and that records are in matchcount order. (See
discussion of SUFFEX above),

OUTPUT :

Output is identical to input except that frequency counts
have been updated so that the frequency represents that of all
tokens with the same matchcount. For example, if there are 28

occurrences of complete, 16 of completely, and 4 of completed,

each record of these variant forms of the same matchcount
would be updated so that the frequency carried would be 48.

This process would facilitate the selection process for programs
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making searches based on frequency thresholds. There is
additional printed output of data described in the discussion

of the main programs,

MAIN PROGRAM:

Records are read into a structure until they differ in
matchcount., The structure,TEMP, has room for 500 records.
Each element is of the form:

(01 TEMP (500))

02 JUNK CHARACTER (11l)====holds portion of record;
not used in STATEX, that
must be passed to PRETEXT.

02 MATCH FIXED DECIMAL (5)=Matchcount number

02 FREQ FIXED DECIMAL(4)-~frequency of each word
type

02 WORD CHARACTER(18)~==~=text word

When a matchcount does not correspond with the previous
matchcount, processing falls into the main execution loop.
Beginning with the first entry in TEMP a check is made of
subsequent pairs of words. When a mismatch occurs, the
frequencies of the two words are added together since the
frequencies attached to each record are the frequencies of

that word type, not matchcount, The process continues as long

as the matchcounts are the same. When the process is completed,
the total frequency is placed in the FREQ slot for all tokens
and the records are put out onto tape or disk., At this time

several other counters are incremented. The formula used for
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computing the standard deviation is a function
frequency of all tokens and also the square of

tokens of each matchcount.

of the total

the number of

Therefore, several running totals

are kept: one, of total number of tokens, is incremented by

merely adding the frequency count to the previous total; the

sum of frequency squared is sl milarly incremented, but by

adding to the previous sum the sguare of the frequency for

the matchcount.

the number of unique matchcounts is also kept,

To facilitate computing the mean, a count of

The frequency distribution that is computed is of the

following form:

NUMBER
OF
TYPES °

20
FREQUENCY

Figure 7
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Each point represents the number of matchcounts for each
unit frequency; i.e, the number of matchcounts that occur once,
twice, etc, This information is kept in a 1 x 2000 arrayo*

On endfile, the program computes the mean (mean = freq. +

number of types) and standard deviation.,

//N{Eifreqo)g - (freqoli

N

S.Do

Thresholds for CONTEXT searches can then be expressed in terms
of these statistics and passed to PRETEXT, Finally, the program

prints the table of distributional data.

PRETEXT

PRETEXT is the main data preparation program in the CONTEXT
sequence. It is the program that computes the data matrix that
is actually passed to the "canned" principal component program,

INPUT: Data Records are the updated output of STATEX, with
frequencies denoting total tokens per matchcount. It is assumed
that records are sorted on matchcount, word, and linear number,
all in ascending order,

Also passed from STATEX are a threshold frequency computed
from the formula Threshold (CUT = mean + n(standard deviations)

for a user specified n, the maximum number of tokens for a

¥T assume that no matchcount will have a frequency count greater
than 2000, Thus for each computational cycle, the counter in the
array (called T) corresponding to the total frequency of the
matchcount is incremented by one. (In the example of Com lete
etc. above, the corresponding counter would be in T (487,
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single matchcount (used in allocating the dimensions of a major
storage structure), and the number of matchcounts greater than
or equal to the threshold., Also read in are two lists of match-
counts: one an inclusion list, to be used regardless of
frequency, and the other an exclusion list; used similarly;

MAIN PROCEDURE:

The inclusion and exclusion edit 1lists are read into one
dimensional arrays. Then records are read in one at a time, If
the frequency of the record is greater than the frequency
threshold, the program calls the EDOUT subprocedure to make sure
that the user has not edited out this word.*¥ If the word
is not edited out by EDOUT, it along wi th the matchcount and
its location are loaded into the structure LOCAT.

02 WORD CHARACTER (6)

02 MATCH FIXED DECIMAL (5)

02 NLOC FIXED DECIMAL (3)

02 LOC (max) FIXED DECIMAL (6)

(one slot for each location).

A varisble, LSTMAT, is set equal to the matchcount so that the
next MATCHCOUNT can be tested directly against this variable
instead of going through the whole procedure outlined above,

If the frequency of the incoming record is less than the
threshold, the EDIN procedure is called. If the MATCHCOUNT
is found, the record is loaded into LOCAT and processing

continues as abovye; if not, a variable, REJECT, is set equal to

the MATCHCOUNT and all subsequent records with this matchcount

¥For example, words like said, here, etc, are of very high
frequency in some texts, but of 1lttle thematic interest,
They are not discarded in the function word edit facility
of SUFFEX, but the user may wish to edit them out of the
context analysis procedure,

r
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are similarly rejected,

On Endfile a series of processes begins, First the
locations under each matchcount are sorted to be sure they are
in ascending order. Then a process begins that determines the
number of times a particular matchcount appears within a
specified environment (for example, within 50 words) of every
other MATCHCOUNT. This information, stored in a square matrix
called DATAC, is printed out for manual reference., After print
out, this storage area is freed.

Finally, the program constructs the data matrix that serves
as input into the principal component program, The user
specifies the unit of text that he desires (for example, he
may wish to divide the text up into 100 word chunks)., Each row
will have an entry for each word or matchcount selected above,
Each entry represents the number of times that a particular
matchcount occurs in a particular section of text. The
principal component program requires that this data be
received row by row. However, it turns out that with a unit of
100 words for, say, 160 matchcounts that the matrix 1s too large
to be held in the computer. Furthermore, it will be seen that it
is most convenient to compute the matrix by columns. If this
is done, then the matrix cannot be easily manipulated if output
is on tape or disk., The problem was solved by a rather
interesting technique. Only some 20% of the elements of the
matrix are non=zero, Therefore a matrix with the dimension of

the matrix to be output is declared, but as a bit matrix,
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(Usually a computer byte-~that would hold an A, 1, etco=~
consists of eight bits=-=g or 1). It would have the following

form;

Each element may be either 1 or 0,
Next a one dimensional array, LFIELD, is declared Fixed decimal
(2) with as many elements as the total number of tokens loaded

into LOCAT, It would look like this:

01
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Similarly a dummy "column" of the matrix is declared as well as
a counter for each column of the matrix,

Finally, processing begins at the top of LOCAT, Each
location for a particular matchcount i1s divided by the unit
(say 100). The (result + 1)th location in the dummy column
is incremented by one, (For example, word 568/100 = 5 + 1 =
6: the 6th slot of the column is incremented to show that the
particular word or matchcount occurs in the 6th unit of text).
When all locations for a particular word have been processed,
the corresponding elements in the large bit matrix are
changed from 1 to 0; and, beginning at the top of the column;
each non=zero element is loaded into the long LFIELD array.
This process is repeated until all matchcounts are processed.,
Then the total number of 1's in each column is computed, Thus
a 1600 x 1000 matrix capable of holding two digit numbers
can be held in approximately 60,000 bytes instead of 320,000,

From this information, the matrix to be processed by the
factor analysis program is constructed a row at a time and
put out ontc tape or disk. Reconstruction follows this form:

for e e :
o} lement al'j

N = |}  COLUMNTOTAL(j) + )} a
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ITT, Professional Activities of Project Personnel

Sally Y, Sedelow

Publications:

*¥Automated Language Analysis, Report on research for the

period March 1, 1967 to February 29, 1968, Contract
NOOO 14-67=A-0321, Office of Naval Research. University
of North Carolina. DDC # AD 666-587.

¥Editorial, Computer Studies in the Humanities and Verbal

Behavior, Vol., I, No. 2, August, 1968.

Papers/Seminars/Addresses/etc.:

¥Speaker, "Computer-Aided Research in the Humanities,"
University of Notre Dame, March, 1968;
University of Delaware, April, 1968;
Ohio State University, May, 19683
Pennsylvania State University, November, 1968.
¥Paper, "Computer=Aided Research in the Humanities,"
Advances in Computing, Fourth Stony Brook Conference,
June, 1968,
¥Paper, "The Computer and the Humanities: A Contradiction?"
National Science Foundation Park City Conference on the
Computer and Undergraduate Education, September, 1968,
¥Speaker, "Computer-Aided Stylistic Analysis," Haverford

College, Phillips Fund Lecture, February, 1969,
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. Activities:

¥Member, Advisory Panel, National Science Foundation's
Institutional Computing Services Section, 1968 - ,
¥Chairman, Special Interest Committee on Language Analysis
and Studies in the Humanities (SICLASH), Association for
Computing Machinery, 1968 = ,

¥Co=Editor, Computer Studies in the Humanities and Verbal

Behavior, 1967 - ,

*Reviewer of papers for Fall Joint Computer Conference, 1968,
and Spring Joint Computer Conference, 1969,

#Fileld Reader of Proposals, U. S, Department of Health,
Education, and Welfare, 1966 - .

#Chairman, Symposium: Mathematical Approaches to Word-
Frequency Phenomena, Psychometric Society Spring Meeting,
1968,

¥Invited Participant, Conference on the National Archives
and Statistical Research, Washington, D, C., May, 1968,

¥Proposal Evaluation, Canada Council, 1968 -

Walter A, Sedelow, Jr,

Publications:

*"A Quarter=Century Reflected," The Shield, 12 (2), Spring,

1968,

Papers/Seminars/Addresses/etc, :

’ ¥"Social Trends and Library Science," Address at the Annual
Meeting, UNC School of Library Science Alumni Association,

Chapel Hill, April 27, 1968,
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¥Member, National Science Foundation Site Visit Panel for
INTREX, Massachusetts Institute of Technology, May 2-3;
1968,

*Invited participant, Conference on the National Archives
and Statlstical Research, sponsored by National Archives
and Records Service and the National Academy of Sciences,
Washington, D, C.,, May 27-28, 1968.

¥Remarks, UNC School of Library Science Alumni Associa-
tion, American Library Association annual meeting,

Kansas City, Missouri, June 26, 1968,

¥Session Chairman, Session 9A, "The Computability of
Cultural Materials," 1968 Annual Meeting, Association
for Computing Machinery, Las Vegas, Nevada, August 29,
1968,
¥*Panel Chairman, Human Sciences, National Science Foundation
Park City Conference on Computers and Undergraduate
Education, Park City, Utah, September 8-13, 1968,
¥Panel discussion leader,’"Special Collections for Colleges
and University Libraries,”" College and University Sectlon
meeting, Biennial Meeting of the Southeastern Library
Assoclation, Miami Beach, Florida, November 1, 1968,
¥'Trends in Library Science Education," Address to the
Quarterly Meeting of the North Carolina Chapter of the
Special Libraries Assoclation, Chapel Hill, N.C.,

December 4, 1968,
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¥"The Computer and Liberal Arts Education," Lecture at
Washington College, Chestertown, Maryland, February 28;
1969,

Activities:

¥Associate Editor, Social Forces, 1966 - .

¥Board of Editors, Computer Studies in the Humanities and

' Verbal Behavior, 1966 - .

¥Series Editor, The Free Press/Macni 1lan Company, 1968 -~ .
*Trustee, International Social Science Institute, 1966 - .
¥*Member, North Carolina Public Library Certification
Board, 1967 - .

¥Member, University Research Council Sub~committee for
the Social Sciences and Professional Schools, University
of North Carolina, 1967 - .

¥Member, UNC=CH Committee on University Government, 1967 - ,

¥Consultant, Jacksonville (Illinois) State Hospital,
February, 1968 -

*Referee of Technical Papers, Language Analysis and Studies
in the Humanities, for the Technical Program Committee of
the ACM annual meeting, 1968,

¥Member, Administrative Board, Frank Porter Graham Child
Development Research Center, Chapel Hill, North Carolina,
February, 1968 -~ .

¥Member, American Council of Learned Societies' Committee
on Information Technology, February, 1968 - ,

¥Staff participant, National Library Workshop for Population

Research Center Libraries, Chapel Hill, May 15-=16, 1968.
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¥Participant, planning session for the National Science 8
Foundation Conference on Computers in Undergraduate

Education, Park City, Utah, August 1-2, 1968,

¥Member, Organizing Committee for the Special Interest

Committee on Social Science Computation (SICSOC),

1968 Association for Computing Machinery annual meeting;

Las Vegas, Nevada, August 28, 1968,

¥Member, Sub-Committee on Professional Schools, Faculty

Council Committee on University Self-Study, University .
of North Carolina, Chapel Hill, 1968 - .

¥"Computer-aided Analyses of Interdisciplinary Discourse
Barriers," NASA Project # 325-NAS-4-401, Co-principal
Investigator (with UNC=-CH Space Sciences Committee),

1968 -~ .

¥Member, Steering Committee and Chairman, Section on

Informational and Soclal Aspects of Advanced Technology,

UNC Space Sciences NASA Project, 1969 - .

Walter L, Smith

Publications:

#"Necessary conditions for almost sure extinction of a
branching process with random environment," Annals of

Math. Statist. 6, 2136~2140 (December, 1968).

Papers/Seminars/Addresses/etc,:

#Invited Lecture: "On So-called Complete Convergence of

.-

Partial Sums of Random Variables" = delivered at Eastern

Regional Meeting of the Institute of Mathematical
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Statistics, Blacksburg, Virginia, April 8, 1968,
¥Invited Lecture: "Renewal Theory and its Ramifications:
A Second Look" = delivered at National Meeting of the
Institute of Mathematical Statistics, Madison, Wisconsin,

August 27, 1968,

H, Wiliiam Buttlemann

Publications:

¥"Ring-=Structure Version of VIA," and "Program Documenta~-
tion, Ring-Structure VIA," in S, Y, Sedelow, et al.,

Automated Language Analysis 1967-1968, University of

North Carolina, 1968, pp-. 19-27, 85-1 05,
Activities:

¥National Science Foundation Graduate Traineeship for 1968-69,
*Consultant, Research Triangle Institute-Information

Retrieval,

¥Consultant, Bruce Payne Associates-Programming Systems.

William G;AHickoK

Publications:

*“Documentation for INDEX, SUFUN, and SUFFIX," in S, Y.

Sedelow, et al., Automated Language Analysis 1967-1968,

University of North Carolina, 1968, pp. 35-84, 113-137,

¥Master's Thesis: An Application of the MaGee~Boodman

Model for Inw ntory and Production Control, 1969, 155

pages.
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Papers/Seminars/Addresses, etc,:

¥"Programmed Flight Hour Record Report" - documentation
and computer program, NAIRU-A2, NARTU NAF Andrews for NARTU

Training, February 1969,

Activities:

¥Consultant: Administrative Data Processing Department,
University of North Carolina, October-=December, 1968,
¥Consultant: Ohio Furnace Company, Columbus, Ohio,

April, 1969,
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APPENDIX A

VIA System Information Flow Through
the SUFFIX Program
by
William G. Hickok

(For listings of programs other than MAPTEXT and

PREFIX), see S, Y, Sedelow, et al, Automated Language

Analysis, 1967-68, pages 112-137, The programs listed

in last year's report have been somewhat modified but
the overall logic remains the same. Current listings
thoroughly documented can be provided for any individual

or organlzation desiring to use the programs.,)



INDEX
Program

PREUTIL
Program

Utility
Program

I
v__

—

PREFIX
Program |

— e — —j
N
Suffices anfl \ ) | Function
Exception wprgs N /\ _ words
—r=-
SUFUNA /;BRT —_\ SUFUNB
Program < Utility Program
Program
A —
T
4
/ \
\-‘:[f/
SUFFIX
Program

common foot.

VIA SYSTEM INFORMATION FLOW THROUGH

THE SUFFIX PROGRAM

Print-out is
a user option.

MAPTEXT
Program

Print-out of

distribution
patterns.

The execution-
of the PREFIX
program is a
user option.

Control
Specificatiops
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APPENDIX B

Ring=Structure VIA Program Listings

(Including Sample Output)

by

H. William Buttelmann
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APPENDIX D

List=Structure VIA Programs

by
William G. Hickok




THESRA
Program

SORT
Utilicy
Program

THESRB
Program

Printout of
user supplied
Thesaur

Sorted
Primary
& Assoc

Primary and
Associate Wordg

sequencifl)

Previous

\.‘ Program

\ Program
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GENERAL FLOW:

SORT
Utilicy
Program

THESR@2

THESR@3

r;HESRW‘

Program |

\‘U L._ — —

L wz

~

Save for |
future

qupg;g,)

ORT
Utility
Program

—

THESR@5
Program

THESR@6

List Structufe
Thesaur to
five levels

—five 1

—
Progran %

LIST STRUCTURE VIA

Output from SUFFIX

Matche
THESR@1 Text
Program

Compare Primary words
to Content words from
text.

Sort Associate words
into ascending sequence.

Compare Associate words
to Content words from
text.

Compare Assoclate words
to Primary words.

USER OPTION:

Compare current Associate
word data set to
previously processed
Associate word file,

Sort on the Back link
to the Primary words.

Write the Associate
word file as an
Indexed Sequencial
file.

Print the Primary and
Associate words which
appear in text showing
the relationship

between Primary and
Associate to five levels.
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Sample Output from List-Structure VIA

(DIFFERENT FORM...) implies a textual occurrence of the same root, but with a

different ending.
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APPENDIX F

PREFIX Program and Table Listing

by
John 8. Smith



INITIALIZE
STRUCTURES

STORE WORD
BUMP TEST

PROCESS
SIMILARLY

246

PREFIX

1

GO TU NEXT
PREFIX

PRINT
PREFIX

BUMP
CLUDWORD

PRINT WORD
WITHOUT
PREFIX

LENGTH =
length word

length prefix

REN
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INITIALIZE
STRUCTURES

STORE WORD
BUMP TEST

PROCESS
SIMILARLY
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PREFIX

l

GO TU NEXT
PREFIX

PRINT
PREFIX

BUMP
CLUBWORD

PRINT WORD
WITHOUT
PREFIX

LENGTH =
length word

length prefix

REN
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PFETCH

READ IN
PREFIX & CLUD
LISTS

N

o,

STORE IN
TEMP

PERMFIX=
1
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DATA PASSED

FROM STATEX

LOAD

STRUCTURES

READ IN'
EDIT LISTS

READ IN

TEXT WORD [€—

STORE IN

LOCAT @

&
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PRETEXT



FOR ALL
COMBINATIONS

OF ROWS

-

BUMP J OF
LESSER

DATAC(L1,12) BUMP

BUMPED BY 1 18 12
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Y

FREE DATAC
ALLOCATE
STRUCTURES

FOR WORD(I)

DIVIDE EACH
LOCATION
BY UNIT

BUMP
COLUMN (QUO-
TIENT + 1)

ING POSITIONS
IN BIT MATRIX
TO 1

STORE CELL

TOTALS OF COL|

UMNS IN STO
VECTOR Rﬂ

SET CORRESPOND-

I1=I+1

PASS MATRIX
AS INPUT

TO FACTOR
ALYSIS PROG
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